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AMERICAN BUREAU OF WELD- 
ING 
OUTSTANDING FEATURES OF 
PROGRESS 


ANNUAL REPORT 
General: 

From an organizational standpoint 
the principal progress that the Bu- 
reau has made has been in getting a 
better notion of the kind of work that 
ought to be of best service to the 
welding industry. When the Bureau 
was first organized several years ago, 
the welding industry was in a more 
or less chaotic state in that the rea- 
sons why failures or successes were 
obtained by the use of the several 
fusion welding processes were not 
understood. 

It was natural therefore that the 
Bureau should appoint several re- 
search sub-committees to deal with 
tne fundamentals of the different fu- 
sion welding processes and also sub- 
committees on specific problems 
brought to its attention by the in- 
dustry. 

Excellent work was done by nearly 
all of these sub-committees and re- 
ports were produced which have been 
in demand all over the world. At the 
same time an information service has 
been developed to answer specific in- 
quiries or to indicate sources of in- 
formation, This service has been ap- 
preciated and widely used by engi- 
neers, societies and commercial firms. 

Having successfully solved some of 
the pins Fa problems presented to it, 
it was also natural that the Bureau 
should contemplate embarking upon 
still greater problems. In consequence 
we may look forward to the next year 
or two to the Bureau having fewer 
research projects but of greater im- 
portance. 

Publications: 


The medium of disseminating in- 
formation by the Bureau continues to 
be through the Journal of the Amer- 
ican Welding Society. In one in- 
stance, however, namely Welded Rail 


Joints, this medium is also the publi- 
cation of the American Electric Rail- 
way Association. 

Administration: 


The American Bureau of Welding 
acts as the Welding Research De- 
partment of the American Welding 
Society and of the Division of Engi- 
neering, National Research Council. 
It also has among its membership 
representatives from some twenty 
scientific and technical organizations 
interested in welding, among which is 
included Engineering Foundation. The 
Bureau operates under its own by- 
laws which are subject to both the 
by-laws of the American Welding So- 
ciety and of the Division of Engineer- 
ing, National Research Council. The 
director is C. A. Adams and the sec- 
retary, W. Spraragen. Office facilities 
are furnished by the American Weld- 
ing Society, although in one or two 
instances where committees have suf- 
ficient funds the Society has been re- 
imbursed for an appropriate portion 
of the expense. 

Completed Projects: 


During the past year four sub- 
committees that had completed their 
work were officially discharged. 
These are: 

“Standard Tests for Welds,” F. M. 
Farmer, chairman. The final report 
was published as Bulletin No. 1, 
American Welding Society. 

Welding of Storage Tanks,” J. C. 
Lincoln, chairman. Published reports: 
“Specifications for Welding of Stor- 
age Tanks by the Electric Arc Proc- 
ess,” December, 1922, issue of Jour- 
nal of American Welding Society; 
“Specifications for Welding of Stor- 
age Tanks by the Gas Process,” June, 
1923, issue of the Journal of the 
American Welding Society. 

“Training of Operators,” J. C. 
Wright, chairman. Published reports: 
“Training of Oxy-Acetylene Weld- 
ers,” Bulletin No. 4; “Training of 
Electric Welders,” Bulletin No. 7, of 
the American Welding Society. 
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Welding of Pressure Vessels, H. L. 
Whittemore, chairman. Published re- 
— “Welded Pressure Vessels,” 

ulletin No. 5, American Welding 
Society. 

Progress of Active Projects: 

The outstanding activity of the Bu- 
reau during the past year has been 
its work in connection with the 
Welded Rail Joint Committee. This 
committee is working in close coope- 
ration with the American Electric 
Railway Association and has a mem- 
bership of about sixty individuals in- 
cluding way engineers of the several 
larger street railway companies, rep- 
resentatives of manufacturers of 
welded joints and welding equipment, 
welding experts, executives and test- 
ing experts. Two progress reports 
have been published and the third 
will be printed very shortly. The 
first phase of the investigational pro- 
gram to “determine the present state 
of the art” in making welded rail 
joints is nearly finished. Way engi- 
neers have learned valuable lessons 
as the result of these tests. More- 
over, the committee has been able to 
draw up a program for the second 
phase of its activities which has for 
its object the improvement of each 
type of joint. Efforts have been con- 
centrated for the present on the seam 
welded joint, and it is expected that 
within the next month or two the test 
specimens will be made up which will 
indicate the effect of various vari- 
ables on the quality of this type of 
joint. Although the welded rail joint 
problem is the most difficult yet un- 
dertaken by the American Bureau of 
Welding, nevertheless the Bureau is 
hopeful that success will attend its 
efforts in this direction. Possibilities 
are enormous, as an increase of 25 
per cent in the life of the joint will 
result in an annual saving to the 
street railways of the country of over 
$15,000,000. 

The Electric Arc Welding Commit- 
tee has completed a series of investi- 
ations to note the effect of various 
undamentals in the electric arc weld- 
ing of mild steel. This investigation 
was started during the war but was 
dropped at the close of the war be- 
cause of the lack of funds. Through 
the courtesy of the General Electric 
Co. and the Electrical Testing Lab- 
oratories the specimens were care- 
‘ully preserved and are now being 
‘sted at the laboratories of Union 

vilege. An investigation has also 

sn started on the welding of non- 
rous metals and samples have 
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been made up by several different 
companies to determine the “present 
state of the art.” | 

The Gas Welding and Resistance 
Welding Committees of the Bureau 
published during the past year two 
critical reviews of existing informa- 
tion, namely “Spot Welding,” pub- 
lished in the September, 1924, issue 
of the Journal of the American Weld- 
ing Society, and “Gas Welding of 
Manganese Steel,” published in the 
May, 1824, issue of the Journal. 
Contemplated Activities During the 
Coming Year: 

The officers of the Bureau have 
spent a good deal of time in planning 
a comprehensive investigation look- 
ing toward the extension of the use 
of welding in the fabrication of large 
structures, such as bridges, cranes, 
buildings, etc. Preliminary study in- 
dicates that welding has enormous 
possibilities both as regards to econ- 
omy and better product. 

What is really needed is a $200,000 
investigation to secure the funda- 
mental data needed by the designer, 
draftsman, engineer and _ legislator. 
In this enormous task the Bureau 
hopes at the proper time to interest 
the National Research Council. A 
great deal of preliminary work must 
be done, however, in securing the 
necessary cooperation of structural 
engineers, steel companies and fabri- 
cators. As an initial step, the Bureau 
assisted the American Welding Soci- 
ety in preparing papers for its fall 
meeting held in Cleveland in October, 
1924, on the general subject of 
“Welding as a Means of Fabricating 
Large Structures.” These papers at- 
tracted wide interest and ove been 
commented upon editorially by the 
technical press. Several other pre- 
paratory steps of this nature are now 
under way and it is hoped by the end 
of this year that the Bureau will be 
in a position to request the Nationa! 
Research Council to sponsor this 


project. 
C. A. ADAMS, 
Director, American Bureau of Weld- 
ing. 


JOINT WELDING MEETING 


A joint welding meeting was held 
in Bethlehem, Pa., on April 8, under 
the auspices of the Bethlehem Stee! 
Company, American ot for Heat 
Treating and Lehigh Valley Eng'- 
neers. 

Six companies participated in we!d- 
ing and cutting demonstrations from 
2.30 to 5 p.m. The Air Reduction 
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Sales Company demonstrated their 
radiagraph by splitting a billet 8 in. 
x 8% in. x 20% in. long in 4 minutes, 
40 seconds. The cutting was smooth 
and satisfactory in every respect. 
Circles were cut from slabs varying 
from % in. to 1% in. in thickness. 
The Oxweld Company demonstrated 
the use of manifolds, regulators, 
straight line cutting machines, weld- 
ing and cutting torches, etc. The 
Metal & Thermit Corporation made 
pipe welds and a heavy weld on 6 in. 
x 6 in, section. The General Electric 
Company operated an electric arc 
machine consisting of a lathe with 
welding machine attached. ‘This 
demonstrated the practicability of 
building up worn bearings on arma- 
ture and other shafts. The Westing- 
house Electric & Mfg. Co. and the H. 
Kleinhans Company made are welds 
on steel plates. There followed a 
film by the Metal & Thermit Corp. 
Mr. Van Alstyne of the Air Reduc- 
tion Sales Co. made some liquid 
oxygen experiments which was fol- 
lowed by the showing of the film 
“Oxygen—the Wonder Worker” by 
Mr. F. E. Rogers of the same com- 
pany. 

A buffet supper was served and 
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at 7.30 the evening program was 
started. Mr. A. G. Bissell of the 
Westinghouse Electric & Mfg. Co. 
gave an illustrated talk on “Metal- 
lurgy of Electric Are Welds.” Mr. 
J. J. Crowe of the Air Reduction 
Sales Company presented an_ illus- 
trated paper on “Oxygen Purity.” 
He was followed by Mr. D. H. Deyoe 
of the General Electric Company, 
who talked about fifteen minutes on 
are welding. Mr. E. E. Thum of the 
Union Carbide & Carbon Corp. spoke 
on the “Heat Effects of Cutting” and 
showed interesting microphotographs 
comparing the relative heating effects 
of the friction saw as compared with 
oxyacetylene cutting. Mr. Thum 
showed that the deterioration of the 
metal adjacent to the cut is much 
greater with the saw than with the 
torch. Mr. J. H. Deppeler of the 
Metal & Thermit Corp. showed lan- 
tern slides of heavy thermit welds. 
The last speaker was Mr. S. W. Mann 
of the H. Kleinhans Co. His topic 
was “Precision Welding with Elec- 
tric Arc,” and he demonstrated how 
he proceeds in making welds in long 
shafts and other parts to insure bring- 
ing the parts back to the original 
position when finished. 


ANNUAL Report MEETINGS AND Papers COMMITTEE, 
AMERICAN WELDING SoOcIETY 


Functions 

During the last several years the 
functions of the Meetings and Papers 
Committee of the American Welding 
Society have been: 

1. To arrange the programs for the 
fall and annual meetings of the na- 
tional society. 

2. To assist the local sections of the 
American Welding Society in secur- 
ing suitable speakers for their meet- 
ings, 

3. Determination of policy in con- 
nection with editorial, technical and 
advertising material included in the 
Journal of the Society. 


Fall Meeting 


The fall meeting of the society was 
held in Cleveland during the latter 
part of October. There were the 
usual committee meetings, dinner, in- 
spection trips and technical session. 
There has been established an un- 
written policy in the minds of the 
members of the Meetings and Papers 
Committee that the technical session 
of the fall meeting of the society 
should further some important proj- 


ect of the society. On this occasion, 
the object was to open the campaign 
of the American Bureau of Welding 
in initiating a $200,000 investigation 
in the fields of application of welding 
to structural work. Important repre- 
sentatves of the structural steel inter- 
ests were present at this meeting, 
and the papers were commented on 
editorially by the technical press in- 
terested in iron and steel and their 
fabrication. 


Annual Meeting 

The program for the coming annual 
meeting has been reported in the 
Journal in previous issues. The tech- 
nical session is to be devoted to a 
symposium of two subjects of vital 
interest to the welding industry. On 
the satisfactory solution of these two 
subjects depend further extensions of 
the use of welding. The two subjects 
in question are: 

1. Methods to be employed by vari- 
ous industries in inspecting their 
welding work. 

2. Methods employed by various in- 
dustries in checking up and testing 
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the skill of their welding operators. 
Members who have any information 
on either or both of these subjects are 
urged to send in their discussions to 
the editor as soon as possible, as the 
balance of these contributions will be 
printed in the June issue of the Jour- 
nal. 
Exhibits 


A novel feature has been proposed 
in connection with the fall and annual 
meetings, namely, to hold exhibits of 
welding apparatus and welded prod- 
ucts. The merits and demerits of this 
feature have been discussed at the 
meetings of the committee, but no 
definite action was taken, as it was 
felt that the decision should rest in 
the hands of the executive committee. 


Local Section Programs 


One of the most important accom- 
plishments of the committee has been 
the assistance rendered to local sec- 
tions in securing suitable speakers for 
their meetings. The committee hopes 
to continue this assistance as long as 
it proves necessary and takes this op- 
portunity of thanking the various 
representatives of the welding indus- 
try and particularly the manufactur- 
ers who cooperated by presenting 
papers, moving pictures and demon- 
strations whenever called upon. 
Journal 


The Journal of the American Weld- 
ing Society continues to be a finan- 
cial success. On the other hand, 
while the advertising has increased to 
some extent, nevertheless, the cost of 
publication has also increased, leaving 
a net balance only slightly larger for 
1924 than for 1923. With the in- 
creased number of members and the 
wider circulation of the Journal we 


hope that our advertisers will find 
their patronage profitable and at the 
same time attract new advertising. 
Much can be done by the membership 
committee in this connection. The 
more members secured the greater 
the circulation and the greater the 
advertising inducements. This is very 
clearly indicated by the publication vf 
the Directory of the American Weld- 
ing Society as the August issue of 
the Journal. In this issue, the number 
of printed copies was increased to 
4000, which attracted several hundred 
dollars of additional advertising. 

No serious criticism has been re- 
ceived in the way the Journal has 
been handled. There is considerable 
room for improvement, principally 
through the publication of discussion 
of papers. It apparently is not recog- 
nized by the membership at large that 
the meetings and papers committee 
would welcome discussion of any 
paper printed in the Journal and such 
discussions would be printed .in the 
next issue of the Journal following 
the date of its receipt. The summa- 
tion of the printed pages of the Jour- 
nal are as follows: 


Year 1924 
E@iterial: 96 pages 
Technical papers...... 494 pages 
Advertising and circu- 
lar matter ......... 222 pages 
812 pages 


In conclusion your committee 
wishes to state that it welcomes at 
any time the advice and assistance of 
any member of the American Weld- 
ing Society. 

Respectfully submitted 

MEETINGS AND PAPERS COMMITTEE, 

K. H. Conpit, Chairman. 


List of New Members for the Months of January, February 
and March 


BOSTON 

Chas. H. Haddrell (C), Electrical En- 
gineer, General Electrical Co., (res.) 
10 Hampden St., Swampscott, 
Mass. ‘ 

V. M. Goode (D), Electric & Acety- 
lene Welder, Submarine Base, Box 
48, New London, Conn. 

CHICAGO 

H. S. Card (B), Managing Editor, The 
Welding Engineer, 608 So. Dear- 
born St., Chicago, Il. 

A. W. Holmes (B), Chemist & Metal- 
lurgist, Indiana Steel & Wire Co., 
Muncie, Ind. 


Alfred W. Young (C), Acetylene 
Welder, 811 Trimble Ave., Kalama- 
zoo, Mich. 

Jimmie Ingels (D), Electric & Acety- 
lene Welder, (res.) 1806 So. 5th 
St., Springfield, Ill. 

CLEVELAND 

Carl F. King (C), Sales Engineer, 
General Electric Co., 632 Vive t., 
Cincinnati, Ohio. 

Michael A. Daly (D), Electric 
Hydraulic Pressed Steel Co., 
East 57th St., Cleveland, Ohio. 

Mike Mylone (D), Electric Welder" 
Cutter, Rudd Machine Co., 
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1606 Marshall St., Benwood, W. Va. 
G. E. Phelps (D), Supervising Welder, 

Air Reduction Sales Co., (res.) 

Olmstead Hotel, Cleveland, Ohio. 


DETROIT 


C. M. Bloodgood (B), Sales Manager, 
Air Reduction Sales Co., 7991 Hart- 
wick St., Detroit, Mich. 

G. H. Calender (B), Manager, Air 
Reduction Sales Co., 7991 Hartwick 
St., Detroit, Mich. 

C. E. Phillips (B), Manager, Purox 
Co., 620 E. Hancock St., Detroit, 
Mich. 

C. Rex Richards (B), Manager, Weld- 
ing Engineers, 4489 14th St., De- 
troit, Mich. 

P. D. Wade (B), District Manager, 
Oxweld Aceytlene Co., 338 John R., 
Detroit, Mich. 

B. M. Wright (B), Manager, Pioneer 
Boiler Works, (res.) 105 Bard St., 
Port Huron, Mich. 

C. Centus (C), President, Titus Weld- 
3141 Cass Ave., Detroit, 

i 

Spencer B. Field (C), District Repre- 
sentative, Burke Electric Co., 1904 
Dime Bank Bldg., Detroit, Mich. 

S. M. Harvey (C), President, Electric 
Welding Machine Co., 2000 East 
Larned St., Detroit, Mich. 

Robt. A. Houston (C). Secretary and 
Treasurer, Titus Welding Co., 3141 
Cass Ave., Detroit, Mich. 

J. B. Manor (C), Sales Manager, 
Weldit Acetylene Co. 638 Bagley 
St., Detroit, Mich. 

Wm. E. Massey (C), Salesman, Weldit 
Acetylene Co., 638 Bagley St., 
Detroit, Mich. 

R. G. Richards (C), Selesman, Lincoln 
Electrie Co., 519 Free Press Bldg., 
Detroit, Mich. 

Otis L. Smith (C). President, Weldit 
Acetylene Co., 638 Bagley St., De- 
troit. Mich. 

Rk. J. Krebs (D). Electric Welder and 
Manager, Reliable Electric Boiler 
vo 908 McKinley Ave., Toledo, 

nlo, 


KANSAS CITY 


0. C. Smith (B), Vice-President, Kan- 
sas City Structural Steel Co., 21st 
& Metropolitan Ave., Kansas City, 
Kansas. 

tobt. H. Miller (C). Commercial En- 
vineer, General Electric Co., 510 
Dwight Bldg., Kansas City, Mo. 


NEW YORK 


James H. Edwards (B), Assisant Chief 
Engineer, American Bridve Co., 71 
Broadway, New York City. 


Wm. Schenstrom (B), Welding Engi- 
neer, Electric Welding Co. of Amer- 
ica, (res.) Crescent Athletic Club, 
Brooklyn. N. 

Wm. J. Dietzel (C), Electric Welder, 
Standard Welding Corp., (res.) 21 
Grant Ave., Jersey City, N. J. 

T. C, Fetherston (C), Publicity Dept., 
The Linde Air Products Co., 30 
East 42nd St., New York City. 

E. L. Norris (C), Electric Welder, 
Lidgerwood Mfg. Co., (res.), 483 
17th St., Brooklyn, N. Y. 

John Dophal (D), Welder, Electric 
Welding Co. of America, 744 Court 
St., Brooklyn, N. Y. 

Wm. MacPherson (D), Welder and 
Cutter, Buckingham Steel Co., (res.) 
446 44th St., Brooklyn, N. Y. 

Roger O. Ackerman (C), Electrical 
Engineer, Local Sales Office, Gen- 
eral Electric Co., Schenectady, N. Y. 

Cc. J. Cole (C), General Foreman of 
Boiler and Blacksmith Shops, Gen- 
eral Electric Co., (res.) Norway 
Place, Pittsfield, Mass. 

Cc. T. Cole (C), Foreman, General 
Electric Co., (res.) 47 Mader St., 
Schenectady, N. Y. 

Frank A. Haughton (C), Consulting 
Mechanical Engineer, General Elec- 
tric Co., (res.) 3 Aven Road, 
Schenectady, N. Y. 

J. C. Horstman, (C), Consulting and 
Engineering, General Electric Co., 
Room 242, Bldg. 4, Schenectady, 

L. H. Inman (C), Foreman Welder, 
General Electric Co., (res.) 1725 
Union St., Schenectady, N. Y. 

Carl L. Ipsen (C), Designing Engineer, 
General Electric Co., (res.) 11 Lake- 
wood Ave., Schenectady, N. Y. 

F. M. Jefts (C), Engineer, General 
Electric Co., Industrial Control 
Dept., Schenectady, N. Y. 

W. V. Lewis (C), Foreman, Structural 
Steel Dent., General Electric Co., 
Bldg., 70 D, Schenectady. N. Y 

J. H. Martin (C) General Foreman in 
charge of tank welding. General 
Electric Co.. (res.) 124 Newell St., 
Pittsfield, Mass. 

Cc. D. Mills (C). General Foreman. 
General Electric Co.. (res.) 134 
Woodleigh Ave., Pittsfield, Mass. 

Roht. Palmer (C), Mech. and Elec. 
Suvt. of Research Lab.. General 
Electric Co., Bide. 5, Room 205, 
Schenectadv. N. Y. 

S. Pidgeon (C). Welding Instructor, 
General Electrie Co.. (res.) 110 
Robhins Ave.. Pittsfield, Mass. 

L. A. Sheldon (C), Engineer, General 
Flectric Co., Room 441, Bldg 2, 


Schenectady, N. Y. 
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C. Steenstrup (C), Supervisor Mechan- 
ical Research, General Electric Co., 
Schenectady, N. Y. 

Andrew Vogel (C), Engineer, Plant 
Engineering Dept., General Electric 
Co., Schenectady, N. Y. 

J. Murray Weed (C), Member of In- 
dustrial Engr. Dept., General Elec- 
tric Co., (res.) 17 Engleman Ave., 
Scotia, N. Y. 

R. A. Weinman (C), Research Engi- 
neer, General Electric Co., Research 
Laboratory, Schenectady, N. Y. 

Alex. P. Wood (C), Designing Engi- 
neer, A. C. Eng. Dept., Bldg. 41, 
Electric Co, Schenectady, 


J. E. Yorkston (C), Consulting Me- 
chanical Engr., General Electric 
Co., Schenectady, N. Y. 

Malcolm B. Little (D), Student of Arc 
Welding, General Electric Co., (res.) 
1211 Broadway, Schenectadv. N. Y. 

M. Powell (D), Welder, General Elec- 
“vo (res.) R.F.D. No. 8, Scotia, 


WESTERN NEW YORK 

John Cattanach (C). Superintendent, 
Genesee Bridge Co., Box 42, Roches- 
ter, N. Y. 

John Roche (D), Welder and Cutter, 
Lackawanna Steel Construction 
Corp., (res.) 109 Gunter St., Buf- 
falo, N. Y. 


PHILADELPHIA 


W. H. Mohr (B), Plant Manager, Le- 
high Structural Steel Co., Allen- 
town, Pa. 

T. A. Jones (C), Sales Engineer, The 
American Steel Engineering Co., 
10 So. 18th St., Philadelphia, Pa. 

Harry E. Horn ( D), Supt. of Machine 
Shop, Coplay Cement Mfg. Co., 
(res.) 57 Fifth St., Coplay, Pa. 

Wm. F. Missimer (D), Head Elec- 
trical Welder, Coplay Cement Mfg. 
Co., (res.) 335 No. 14th St., Allen- 
town, Pa. 


PITTSBURGH 
J. C. Armor (D), E.E., Pittsburgh 
Transformer Co., West View, Pitts- 
burgh, Pa. 


SAN FRANCISCO 


A. C. Waldorf (D), Welder, 1930 Bar- 
rett Ave., Richmond, Cal. 

R. O. Waldeman (D), Welding Supply 
Jobber, Reid Avery Co., 0 
Howard St. 


NOT IN SECTIONS 


A. H. C. Boissier (B), Purchasing 
Agent, Purox Co., 1135 St. Paul St., 
Denver, Colo. 


W. Crabtree (B), Manager, Australian 


Oxygen & Industrial Gases, Pty., 
Ltd., 550 Latrobe St., Melbourne, 
Australia. 

A. S. Turnbull (B), Sales Manager, 
Canadian Liquid Air Co., 
Room 403, 285 Beaverhall Hill, 
Montreal, Canada. 

E. Bachman (C), Sales Engineer 
General Electric Co., 1016 Continen- 
tal Bank Bldg., Salt Lake City, 
Utah. 

G. N. Barker (C), Arc Welding Spe- 
cialist, General Electric Co., Port- 
land, Ore. 

E. J. Bartz (C), Supt. Engine & Loco. 
Depts., General Electric Co., Erie, 
Pa. 

C. E. Becker (C), Salesman, General 
Electric Co., 1415 Swinney Park 
Pl., Fort Wayne, Ind. 

E. G. Berneike (C), Research Engi- 
neer, Birmingham Tank Co., Birm- 
ingham, Ala. 

M. O. McKinney (C), Local Manager, 
General Electric Co., 711 Power 
Bldg., Chattanooga, Tenn. 

G. N. Robinson (C), Sales Agent, 
General Electric Co., 809 17th St., 
Denver, Colo. 

David Wingate (C), Works Chemist, 
Stewart & Lloyds, Ltd., Coatbridge, 
Scotland. 

Carl Wineland (D), Electric Welder, 
Minneapolis Steel & Machinery Co., 
5041 18th Ave. S., Minneapolis, 
Minn. 

HONOR LIST 
January, February and March, 1925 
Classes 
16 Class C 


V. J. Chapman 
R. P. Palmer 
H. E. Hollis 
Dave Gibson 
Mark Haines 


> 


1 

(2 Class B 

J. G. Linecoln............743 Class C 

1 Class D 

2 Class B 

Wm. Spraragen......... 1! Class C 

1 Class D 

R. B. Wagner... 

1 Class 

E. J. O’Connell.......... 2 Class D 

W. W. Barnes........... 2 Class D 

R. K. Randall........... 2 Class D 

C. A. McCune........... 1 Class B 

H. P. Dowd............. 1% Class B 

: S. W. Miller............ 1 Class B 

J. C. Horstman.......... 1 Class € 

W. S. Sprau............ 1 Class C 

H. M. Schriefer......... 1 Class © 

E. Vom Steeg....:...... 1 Class € 

a J. W. Belanger.......... 1 Class © 
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SECTION ACTIVITIES 


New York 


The final meeting of the New York 
Section will be held in the Engineer- 
ing Societies Building on May 12 at 
8 p.m. Every effort has been made 
to make this meeting the most inter- 
esting of the whole year. Through 
the courtesy of the American Brass 
Company, their five reel moving pic- 
ture film “From Mine to Consumer— 
A Story of Anaconda” will be shown. 
A wonderful opportunity is thus pro- 
vided for our members to go on a 
conducted tour through the plants of 
this company and see the various 
operations from the mining of the 
raw material to the manufacture of 
the finished product. In addition there 
will be several papers on welding of 
cast iron with bronze electrode. Re- 
freshments will also be served. The 
New York section cordially invites all 
the members of the American Weld- 
ing Society and their friends to at- 
tend this final meeting. 


Pittsburgh 


The March meeting of the Pitts- 
burgh section was scheduled for 
March 27, at which time Mr. Stanley 
Crute, President, Advance Welding 
Company, Neville Island, Pa., was to 
present a paper, illustrated by lan- 
tern slides, on “The Application of 
Welding in General Repair and Con- 
struction Work.” 


Cleveland 


The March meeting of the Cleve- 
land Section was held on the 17th 
at the Hotel Winton. The principal 
speaker was Mr. S. W. Mann of the 
Kleinhans Company, who gave an in- 
teresting account of large cast iron 
jobs that he had welded and spoke on 
so-ealled “Precision Welding,” The 
program for the April meeting will 
probably include an address by Mr. 
Boom of the Boom Boiler & Weld- 
ing Company on some aspects of the 
job welding shop. 


Boston 


The annual meeting of the Boston 
section will be held at the River 
Works Plant of the General Electric 
Company on May 21. This is to be 
an afternoon and evening session. 
Over 500 guests are expected, includ- 
ing manufacturers, manufacturing 
engineers and shop superintendents. 
A diversied program has been ar- 
ranged to be of interest to all those 
present. Some of the most promi- 
nent people connected with the Amer- 


ican Welding Society are scheduled 
as speakers. 
Chicago 

The April meeting of the Chicago 
section was held on the 3d. Mr. 
George Rose of the Oxweld Company 
presented a moving picture on the 
“Applications of Welding and Cut- 
ting.” Mr. R. B. Fehr of the Rail 
Welding & Bonding Co. presented 
a paper and moving picture on the 
“Application of Carbon Arc Welding 
to Rail Joints.” 
Philadelphia 


Mr. S. W. Miller of the Union Car- 
bide and Carbon Research Labora- 
tories and also Past President of the 
American Welding Society, presented 
at the March meeting an interesting 
paper on the subject of welded pres- 
sure vessels. Mr. Miller gave a most 
excellent blackboard talk on the con- 
struction of joints in pressure vessels. 


San Francisco 


The March meeting of the San 
Francisco Section was scheduled for 
the 20th. The evening was devoted 
to a report from the Section’s Com- 
mittee on Welding Structural Steel. 
Mr. G. O. Wilson of the Standard Oil 
Company was to have charge of the 
meeting and was to present samples 
to illustrate various points in connec- 
tion with the report. 

Western New York 

The March meeting of the Western 
New York Section was held on the 
10th. Mr. H. A. Woofter, Electrical 
Engineer of the Thomson Electric 
Welding Company, gave an illustrated 
talk on the resistance welding of 
various kinds of metal, ferrous and 
non-ferrous. Samples were also 
shown. The list of new officers are 
as follows: Chairman, Robert Siemer, 
Allan Mfg. & Welding Co.; Vice- 
Chairman, J. H. Baumer, Rochester 
Welding Works; Secretary and Treas- 
urer, Carl D. Miller, Burke Electric 
Co.; Directors for 3 years, P. W. 
Kromer, Air Reduction Sales Co.; 
Howard D. Thomas, Merchants Des- 
patch Transportation Co.; Director 
for 1 year, George B. Histed, Roch- 
ester Gas & Electric Co.; Director at 
Large to represent Section at Direc- 
tors’ Meetings of Society, Gideon W. 
Swan, J. A. Roeblings Sons Co.; Sec- 
tion representatives to American Bu- 
reau of Welding meetings, Ernest 
Bauer, U. S. Light & Heat Corp.: 
P. E. Haynes, Linde Air Products 
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Detroit 

The March meeting of the Detroit 
Section was held on the 25th. A film 
was shown by the Air Reduction Sales 
Company covering the make-up of 
acetylene and other constituents used 
in acetylene cutting and welding. The 
following Executive Committee was 


[April 


elected by the Section: 3 years, H. M. 
Gould, Detroit Street Railways; C. L. 
Finch, Detroit Range Boiler Co.; 2 
years, O. L. Smith, Weldit Acetylene 
Co.; W. C. Sprau, Barnes Wire Fence 
Co.; 1 year, J. G. Lincoln, Lincoln 
Electric Co.; C. R. Richards, Welding 
Engineer. 


Positions Vacant 


V-21. Welder wanted with at least five years’ experience in job welding shop, 
principally automobile work; must be expert on cast iron and steel, expert on 
vreheats, who has welded cylinders cracked internally, built up worn valve 
seats, etc. Knowledge of aluminum welding, chassis straightening, electric 
welding and boiler work, desirable but not necessary; salary to start, $50.00; 
location, New York; chance for foremanship. Write all details just where you 
worked and what you did for the past ten years in confidence. 


V-23. Assistant Executive. Opportunity for real live wire to connect with 
general repair welding and radiator works in fast growing city in north New 
Jersey. Established eleven years. To branch out owner needs reliable assis- 


tant executive. Capital not essential. Best location and most up-to-date 
equipment. Man of good personality and some experience can make unusual 
connection as active partner. Give particulars of past experience, age and 
monthly income expected. 


V-24. Desires services of a young man who is familiar with welding shops in 
metropolitan district to sell welding rods and accessories on a commission 
basis with very good prospects for future development. 


V-26. Wanted, a good man to sell welding and cutting apparatus. 


V-27. Go-Getter wanted. Need a man to go out and get business for my 
welding repair works in Brooklyn, N. Y. We do electric and oxy-acetylene 


welding. 
Services Available 


A-31. Acetylene Welder. Has had 15 years of experience as a welder with 
good all around experience in the following lines: shipbuilding, boiler and 
tanks works, railroad, machine shop and steel mills. Have also worked dur- 
ing the past 8 years in same fields as electric welder. Am at present employed 
as an electric and acetylene welder. Have also acted as welding instructor 
in the British Navy. Am 35 years of age. 


A-32. Welder desires position. Has had twelve years’ experience at weld- 
ing in all its branches, acetylene electric and thermit. This experience has been 
obtained on diversified work usually found in a shop that is the largest in 
South America. Nine of the twelve years’ experience has been in the capacity 
of a foreman. Am forty years old and can speak Spanish and Danish as well 
as English. 


A-33. Foreman or welder desires position. Has had about thirteen . years 
all around experience as an oxy-acetylene welder. Recently resigned from 
Mechanical Division, Dept. of Street Cleaning, City of New York. Was em- 
ployed with the City for five years on general plant repair, automobile and 
other rolling equipment. Can weld aluminum, cast iron, etc., and understand 
preheating. 


A-34. Master Welder. Expert welder desires position as assistant master 
welder for a railroad. Had executive experience before welding. Can mak« 
large savings in production as the result of ten years experience in welding. 


A-35. Expert welder desires position. Have had 17 years experience 2: 
acetylene welder, 11,years as welder on locomotives in New York Centr#! 
repair shops, 4 years as foreman of the repair of all kinds of welding am! 
cutting in the steel car shops, one year as head repair man on all makes © 
welding and cutting torches and gages and one year as general welder on ®' 
kinds of work. Have also been doing electric welding as well as acetylene {:' 
the past year. 


Discussions to Be Presented at Technical Session, 
Annual Meeting, American Welding Society, 
April 24, 1925 


Note: The technical session will be devoted to a symposium on two sub- 
jects, namely—1. Methods to be employed by various industries in inspecting 
their welding work. 2. Methods employed by various industries in checking 
up and testing the skill of their welding operators. 

' There follows the discussions of individuals from various industries on 
these two subjects. 


Carbon Arc Welding Methods of the Chicago 


Surface Lines 
JONATHAN WOLFE* 


The general subject assigned to me for this paper is that of the 
welding of rail joints, particularly with reference to the inspec- 
tion of welds and methods used to determine the operators’ skill. 
The subject is broad and I will confine myself principally to the 
carbon are process of seam welding rail joints and to the methods 
developed and practiced in our Track and Roadway Department. 

In order properly to understand our reasons for adopting the 
seam welding process, a short synopsis of the history of welding 
on our system should prove of interest. 

This system comprises four separate surface street railway com- 
panies operating within the City of Chicago under the so-called 
“Unification Ordinance” which became effective Feb. 1, 1914, to- 
talling 1071 miles of single track. 

For the ten or twelve years prior to 1907 practically all rail 
joints were cast welded. In 1907 the use of the Lorain electric bar 
weld (a resistance weld applied under a hydraulic pressure of 
about 45 tons) was begun, except that in the southern section of 
the city cast welds were continued until 1914. A total of approxi- 
mately 183,500 Lorain bar welds were welded under contract by 
them, not including free reclamations. 

A chart made of 175,000 joints, covering from one to ten years 
of service, showed less than 1 per cent total breaks per year. 

A few Thermit welds of the old non-insert type were installed 
in 1911 for experimental purposes. During 1915 approximately 
500 Thermit welds of the insert type were installed and last year 
we installed 643 additional insert Thermit welds on several of our 
extensions. 

Seam welding of rail joints by the carbon are process was begun 
in February, 1919, and 905 joints were welded during the first year. 
With the many improvements developed in this process since that 
‘ime we have continued to use seam welds and have installed over 


*Asst. Supt. Track and Roadway, Chicago Surface Lines, 
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45,000 joints to date. There are now nine equipments in daily 
service, used both for joint welding and for spot welding worn 
special trackwork. Three additional Type WW equipments have 
been purchased and are being put into service. 

The seam weld has proven particularly fitted for the reclamation 
of the scattered broken joints. The work can be done during the 
daytime when better inspection of the work can be made, there is 
no need for the installation of temporary crossovers and car opera- 
tion is interfered with very slightly, cars being permitted to pass 
over the joints after completion of each seam. Considering that 
rails ranging from new to those almost worn out have been seam 
welded, our percentage of failures is quite low. On several ex- 
tensions and renewals where new rail was laid, these welds having 
been in service from one to three and a half years, we have had 
no failures to date. 

Inspection of seam welds is an extremely important factor if 
uniformly good results are to be secured and unless the welding 
operators have been thoroughly instructed until they follow the 
rulings and approved methods of welding, the joints will certainly 
not hold up as long as they should. With Lorain bar welds, which 
were welded under contract, and with the Thermit joints, the prin- 
cipal part of which consists of a chemical reaction, the inspection 
is much simpler as there are fewer variables which can affect the 
quality of the weld. 

Since these latter welds were all installed under contract, there 
is a double inspection and defective joints can be replaced at the 
manufacturer’s expense. Seam welds, on the other hand, are in- 
stalled by our own employees and the quality of the welds secured 
rests entirely with us. Inspections must be made constantly and 
any careless work or departures from standard practice which 
would result in decreasing the ultimate life of the joints must be 
corrected at once. By these inspections and through discussions 
held at the welding meetings, we are continually increasing our 
knowledge and adding to the skill of the operators. 

Of primary importance in securing a good joint is the prepara- 
tion of the joint before welding is begun. The ties must be firmly 
imbedded in the track foundation and the rails fastened securely 
to the ties so there is no movement in either ties or rails. With 
the best possible welds using the toughest electrodes available, the 
number of failures will be much greater if the rail ends are work- 
ing up and down under the passing cars, as the weld would be su)- 
jected to alternate strains that must eventually crystallize and 
crack the seams. 

Welding plates must be made so as to fish perfectly with the rai's 
—we are using practically all machined plates—and where plates 
must be upset to connect with worn rails or rails worn differe!' 
amounts, the corner is planed square so that the worn rail havin: 
the thinner head will be supported to the end of the rail. 

To determine the proper size of the joint plates for seam weld: 
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joints with various girder rail sections, no information of this 
nature being available, we followed these general rules shortly 
after beginning the use of this process: 

1. The cross-sectional area of the two bars at the joint should 
at least equal the cross-sectional area of the rail to be welded. 

2. The combined lengthwise sectional area of the four welding 
seams on either side of the rail joint (assuming 14-in. penetration) 
should equal the cross-sectional area of the rail to be welded. 

Although no consideration was given to the relative stiffness of 
the plates as compared with the rails, these rules have been found 
adequate in that failures from the bars breaking in half or of the 
joints pulling apart at the seams are very rare. With minor re- 
visions, our present practice with reference to thickness of plates 
and lengths of seams conforms to these rules. 

Care must be taken that the plates are put on the joint properly 
so that they will be vertical and the sloped edges engage the head 
and base of the rails evenly. The bolts must be installed and 
tightened as far as they will turn without stretching. All joint 
plates and rail ends, whether new or old, should be vigorously 
brushed with a stiff wire brush and if necessary, cleaned with a file 
and chisel. Where compressed air is available, I would recom- 
mend the use of a portable sand blast for cleaning both rail ends 
and plates. Any rust, scale, concrete or dirt in or along the seams 
to be welded will not only lessen the depth of penetration and form 
inclusions that may start seam cracking, but may keep the plates 
from having a good mechanical fit and thereby introduce additional 
strains in the joint. 

Positive instructions have been issued to all welding operators 
that they shall refuse to weld any joint which is not good mechanic- 
ally or where the rails or ties show movement when cars are pass- 
ing. Every foreman in charge of preparing the joints under- 
stands that the welding operators have the authority to pass up 
any joint which is imperfect. We uphold the operator in this 
matter as we found that if we show confidence in his judgment he 
takes pride in his work and endeavors to see that his welding is 
of the best quality. 

Rail ends should be tightly butted together and under compres- 
sion before welding is started. Where possible this should be 
accomplished without the use of insert shims on new construction 
work the rails can usually be driven back by using wedges in the 
joint ahead. On reclamation work the cut-in piece may be in- 
stalled at colder temperatures than when welding is done, in which 
case the ends are usually so tight that no insert can be inserted. 
We carry inserts in stock and with each welding equipment, rang- 
ing in thickness from 1/32 in. up to 4% in. made to conform in sec- 
tion to the heads of our standard rails and 1 in. x 2 in. shims for 
odd rails. Where there is any opening between the rail ends which 
cannot be closed otherwise, we drive in the largest single shim re- 
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quired to give a tight joint, first driving temporary wedges under 
the bases of the rails to widen the top part of the opening. More 
than one insert is not used at a joint if possible to avoid it. 

We have found that joints of the same kind welded in cooler 
weather have held up better than those welded in hot weather. 
Our latest practice on new construction or on rail renewals is to 
weld at night or during the early morning when the rails are laid in 
the warmer months, thus both securing compression at the rail 
ends and lessening temperature strains during cold weather. 

When the joint has been properly prepared and inspected by the 
operator, welding of the seams is started. Our standard welding 
gang consists of five or six men, depending on the density of car 
and vehicular traffic. The welding operator and two helpers are 
with the welding machine, one helper taking care of the pole hook- 
ing onto the trolley wire and watching traffic. The other helper 
supplies the operator with welding electrodes and sharpened car- 
bons, watches the machine and takes care of the welding screen. 
Where traffic is very heavy an extra man is used as a watchman. 
A grinder operator and one helper run the Atlas rail grinding 
machine with which all joints are ground to a smooth surface. A 
four-wheel rubber tired trailer is used for transporting the equip- 
ment, the welding machine being mounted on one end, the tool box 
on the other and in the middle, which is depressed, is space for 
carrying the Atlas grinder. 

The upper seams are welded to within 2 in. of the ends of the 
plates, the lower to within 1 in. or less. The so-called “AA” 
method is used, with a double seam on the middle 8 in. of the upper 
seam and a gap of 6 in. left unwelded on the lower seams with 
about 3 in. of double seam each side of the gap. The amperage 
used varies from 275 to 325 amperes, depending on conditions at 
the joint. The exact adjustment of the resistances is left to the 
judgment of the operator, who determines by the way the elec- 
trodes flow when he has the correct adjustment. The length of 
are used is about % in. 

A large percentage of the joints welded on reclamation work are 
upset various amounts and as these plates are made with 1,-in. 
variations in the upset, it frequently happens that there is a con- 
siderable difference in the height of the rail ends when the joint 
is prepared and ready to weld. We have found that the pound- 
ing of the cars over these joints while the different seams are be- 
ing welded and before surface welding with high carbon is likely 
to start seam cracks. Therefore, whenever there is any pro- 
nounced difference in the rail end heights, we build up the top sur- 
face of the joints with high carbon electrodes, using the metallic 
are process, and grind the joint before starting the seam welding. 
After the seams are welded we again grind the joint slightly to 
make sure that the finished joint has a smooth even top surface. 

For the inspection of the finished joints we have built up from 
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experience a method which is satisfactory and has resulted in 
greatly improving the quality of the joints. It does not, however, 
cover the testing of electrodes, types of welding plates or methods 
of welding employed other than in actual service tests. We may 
assume that the manufacturer’s tests on the foregoing are correct 
for his existence depends on the continued use of these joints. 
Except where our conditions do not permit, we are guided in our 
practices by his recommendations, supplemented by such tests as 
we deem advisable. 

Certain theoretical tests, such as the tensile, bend, drop, re- 
peated impact, etc., are properly the work of the Committee on 
Welded Rail Joints, and such tests have already been made by 
them or are in progress. We have followed and will continue to 
follow the committee’s reports covering results of tests very closely, 
using these results as a guide, except where necessary to modify 
them to suit our conditions. However, the above tests as published 
in Progress Report No. 2 show a great variation in strength for 
the seam welds, and this indicates the great need for the investiga- 
tion of variables in seam welds as outlined in Exhibit A of the 
committee’s minutes of Sept. 19, 1924. The tests to be made cover 
the cross-sectional area of seams and proper penetration, kind of 
welding wire, effect of preheating and postheating, use of base 
plates and methods to secure tight rail heads. 

Our welds are carefully inspected by both the superintendent of 
welding and by the welding foremen, the latter also laying out 
the work to be done by the operators and making out daily reports 
of the work done. The points covered include seeing that the 
seams are welded smoothly and at a speed of from 4 in. to 6 in. 
per minute—that seams are placed so as to be evenly divided be- 
tween the plate and the rail, and are free from pits or deep holes 
where started and finished. Particular attention is paid to the 
grinding to see that the top surface is perfectly smooth and, where 
necessary to surface weld, that the cup or low spot is entirely 
removed. With above conditions met, the joint should hold up 
satisfactorily, providing, of course, that proper plates and good 
quality electrodes are used. 

We have conducted tests at different times to determine the 
proper kind of electrodes. Welds were made on mild steel plates 
and tested mechanically and chemically. For several years we 
used the American Bureau of Welding Specification E-No. 1-A for 
low carbon electrodes. This specification, which was made primar- 
ily for metallic process shop work, is not sufficiently rigid in my 
opinion for the requirements of a welded rail joint, subjected to 
the continual shock and vibration of passing car wheels, where 
ductility is so all important. I mean ductility or toughness that 
will continue for the life of the rail and not permit crystallization 
of the weld to cause the seam to fail before the rail is worn out. 
lor the last year we have used the coated low carbon electrodes 
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(Grade 200) having a manganese content around 1 per cent, and 
are getting a better, tougher seam than before. The determination 
of the best electrode to be used for the welding of joint seams, is, 
I believe, one of the most important duties remaining for the 
Welded Rail Joint Committee. 


There are some simple tests, on the other hand, which can be 
used to advantage by the individual street railways in determining 
ductility of the seams, etc. To what extent such tests are used wil! 
depend on the viewpoint of the particular railway. The following 
are just a few tests that, while not new, are simple, easily made 
and give comparative results for determining proper grades of 
electrodes : 


(a) Weld together two “V”-ed pieces of mild steel, subjecting 
both parent metal and the weld to mechanical, microscopic and 
chemical tests covering structure, hardness, composition, etc. 

(b) Weld at right angles to each other two plates of mild steel, 
place one in a vise and determine to what angle the other plate 
can be bent before fracture occurs. 

(c) Weld upper seams of sections of welding plates to the head 
of standard rails, the plates being fished into the rail. The amount 
of pull necessary to bend the plate out from the rail until fracture 
occurs and the angle at which fracture occurs can then be deter- 
mined. 

We believe that the best tests are service tests under actual 
track conditions, and many such test joints have been installed by 
us from time to time covering various methods—and from them 
we have been enabled to eliminate weaknesses and objectionable 
features. But service tests require time and introduce variables 
which make comparisons difficult between different kinds of joints. 

Our experience has indicated that with bare electrodes a better 
weld is secured by using flux, and instructions to the operators 
require its use. We use the powdered flux furnished by the Rail 
Welding & Bonding Company. One advantage of the coated elec- 
trode is that the flux is furnished in uniform quantities. 

We hold meetings at which all division superintendents, welding 
foremen and welding operators are present, and at some of these 
meetings have samples of welds, test pieces, ete. In the disctus- 
sions which follow many good points are brought out, instructions 
are issued covering future work and the operators brought in 
touch with each other’s work. 

Methods used for testing the skill of the operators are somewha' 
involved with the course of training for operators, and our prac 
tice is considerably different from that commonly in use for shop 
work owing to the difference in the nature of the welding done. 

To accurately describe these methods it is important to go back 
into the origin of our welding. Arc welding was first started in 
1913 with two Indianapolis resistance welders used for buildin 
up worn special track work. An additional equipment of this typ” 
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was purchased some two years later. When seam welding of 
joints was bégun in 1919 our first carbon arc welder was an 
accomplished welding demonstrator. As additional equipments 
for carbon welding of joints were purchased it was necessary to 
put on more are welders. The second operator was one of the 
resistance welders and his carbon arc training was obtained as a 
helper under the experienced demonstrator. We have since em- 
ployed two more demonstrators, their skill being checked and our 
methods taught them by the first operator. Since the position of 
are welding operator is considered desirable and gives steady 
work the year around, few openings for additional operators occur 
except when an additional welding equipment is put into service. 
So the only practicable school for the instruction of welders which 
we can use is that of training the helpers in each gang. These 
helpers are picked men, and they are given the opportunity of 
doing welding under the supervision of the operator. Thus when 
the operator is off for any reason, the helper can proceed with 
the welding. 

It is also our policy to advance metallic process welders, but 
they must first serve an apprenticeship under the carbon arc 
operator until they master the carbon process as applied to the 
seam welding of joints. 


The helpers are first taught the electrical principles in the opera- 
tion of the welding equipments and the necessity for keeping their 
machines in good running order. Each operator has an equip- 
ment assigned to him and the responsibility of taking care of it is 
put up to him. Quite a rivalry has developed among the operators 
in this respect, each one trying to keep his equipment in the best 
condition. Opérators are only permitted to make minor repairs 
to the electrical equipment, more serious repairs being taken care 
of by our power tool men. Every equipment is given a thorough 
overhauling in our shops at least once in six months, a card index 
system being used to determine how frequently the equipments 
have been overhauled. 

The skill of the operators is mainly checked by inspection of 
the welding done by them and by the way in which their joints 
hold up under service in the track. Each operator has a metal 
Stamping die with an individual letter with which he must stamp 
every joint welded by him, and it is usually possible to identify 
any particular joint. It is comparatively easy to judge the quality 
of seam welding by visual inspection, as poor work shows up very 
plainly in uneven and ragged seams, burnt metal or deep holes in 
the seams. We also rely to a large extent on the meetings, pre- 
viously mentioned, which are held in our office at stated intervals. 
Here are brought up criticisms of any welding being done, with 
samples of such work shown, and means to correct faults brought 
out through discussion. 

Too much importance cannot be given to these general meetings 
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as there are always some good new ideas brought out for trial 
or which have been developed by some operator. Our system being 
so large, about the only time some of the operators see each other 
and learn of the work the others are accomplishing is at these 
meetings. 

Our welding foremen on their frequent visits to the operators 
spend sufficient time with each operator to check up the practices 
followed by the latter, correcting any wrong methods which may 
be used. Once or twice a year engineers or others from the Weld- 
ing Company visit us, spending some time with each operator, and 
give the operators the benefit of their latest developments toward 
improving the joints. 

The practice followed in the preheating of joints is to preheat 
with a 5-gal. Aeroil Pressure Tank whenever the temperature is 
freezing or below. Also when the rails or plates are damp, frosty, 
wet or covered with mud the joint is preheated in order to dry it 
out. Definite data regarding the effects of preheating joints to 
be seam welded seem to be entirely lacking, and we are at this 
time of the opinion that the chief function of preheating is to dry 
out and remove the chill from the rails and plates. We do not 
attempt to secure any definite temperature in preheating other 
than to thoroughly warm and dry out the joints. 


Welding of Rail Joints 


J. C. LINCOLN* 


Experience has shown that in the ordinary street railway, in 
paved streets, the joint fails long before the rail is worn out. When 
a joint gets loose in a paved street, it is expensive to open the pave- 
ment to repair it, so in most cases the joint is allowed to pound 
until the ends of the rail are battered up and in some cases broken. 

The noise and jolts due to the car passing over a large number of 
bad joints compels the railway company to replace the track before 
more than a small portion of the life of the rail has been used. If 
it were possible to make a joint that lasted as long as the rail, I do 
not think it is an exaggeration to say that the cost of maintenance 
of way would be much less than half what it is now. 

The use of such a joint would save the street railways of the 
United States millions of dollars every year. There are several pro- 
posed solutions of this problem. 

One is the butt welding of the rail into one long piece before the 
rails are placed on the ties. This process is rather new and is ope! 
to the objection that an ordinary joint must be installed once every 
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block or so, for this butt welding process shortens the rail at each 
joint by the amount of the flash. 


A second process is the thermit weld. This process supplies addi- 
tional metal at a very high temperature between the rail ends and 
by fusion of the ends of the rail to the added metal produces a weld. 


A third method is the seam welding of the ordinary fish plates or 
splice bars to the rails in the effort to make the joint as strong or 
stronger than the rest of the rail. This method has the advantage 
of being cheaper than any other so far proposed, if the joint can be 
properly welded. Many thousands of such joints have been in use 
for many years, showing that if the welding is properly done the re- 
sult is satisfactory. 


As I see it, the problem of getting a good weld in a rail joint is 
very much the same as all other welding. The electric welder is a 
tool for accomplishing a new result and the result depends on the 
skill with which the tool is handled. 

A good many of us are willing to pay $2.00 or $3.00 a seat to 
hear Kreisler play the violin. The same people would pay twice as 
much to get out of the hall if I played the same violin. The fault 
would not be in the violin, but in the skill with which it was 
handled. 

None of us would complain about the lathe if a poor or careless 
operator failed to produce satisfactory work. We would place the 
blame where it belonged, on the inexperience or carelessness of the 
operator. 

The above will make it clear that the quality of work depends on 
the skill and care of the operators more than on any other one 
thing. 

There are two methods of making seam welds. One the carbon 
arc method, and the other the metallic arc. The conditions that 
have to be satisfied in the welded joint are the same, whichever 
process for making the joint is used. These conditions are: 

1. The weld between the fish plate and rail must have enough 
strength to resist the contraction strains in the rail due to the 
cooling of the rail in the winter. 

2. There is a certain amount of liveload, due to the passage of the 
car over the joint, that will tend to produce compression strains in 
the weld over the upper side of the fish plate, and tensile strains 
on the weld on the lower side of the fish plate. 

3. The action that apparently starts the failures in a welded joint, 
when there are failures, is the blow that is delivered on the head 
of the receiving rail by the car wheel as it passes over the joint. 

If the heads of the two rails are not in exact alignment, there 
will be a real blow, the amount depending on the difference in 
height of the two rail heads. Even when the two rail heads have 
veen ground after welding, there is a sudden transfer of load onto 
‘he receiving rail as the car wheel passes over the joint. 

The fact is that when failure occurs in a welded rail joint, it 
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starts in a large majority of cases on the top directly under the 
head of the receiving rail. The importance of this fact cannot be 
exaggerated. 

When the wheel strikes the receiving rail, there is a slight com- 
pression of the metal in the weld under this head and a subsequent 
corresponding expansion of the same metal. It is the inability of 
some welded metal to stand the alternating stress (slight though it 
may seem to be) that is the weakest spot in electrically welded 
joints. 

It is easier to make a joint strong enough to cause the rail to 
break outside of the joint than it is to get a welded joint to stand 
the pounding, due to the wheel passing to the receiving rail, even 
though at first this force seems insignificant. It is the fact that 
welded joints start to fail on the upper seam under the receiving 
rail that makes it necessary to find a laboratory treatment that will 
produce similar failure before the study of how to improve such a 
joint can progress as fast as it should. Tensile tests up to 1,000,000 
lb. are valuable in showing if the weld is made over the whole sur- 
face or not, bending tests and drop tests are useful for the same 
purpose, but all these tests cause the joint to fail in other places and 
from other causes than joints actually fail in practice. A repeated 
impact of blows on the receiving rail may make the rail fail where 


R 


P 


Fig. 1 


it does on the street, and, if so, the results of the repeated impact 
test will be of great value in improving the joint. 

Consider the sketch, Fig. 1, in which “R” is a partial section of 
the rail and “P” a partial section of the fish plate. The contraction 
in volume from molten iron to the same iron cold is about 7 per 
cent or nearly 2 per cent along any line drawn through the weld. 

As the weld metal cools, it must either stretch this 7 per cent or 
cracks will appear in the weld metal. Any metal that cracks as it 
cools is clearly useless. What actually happens is that the weld 
metal stretches as it cools an amount equal to the contraction duc 
to the cooling, but there remains in the weld metal after it has 
cooled strains due to the stretching of the weld metal. In most 
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cases, the weld metal is sufficiently ductile to undergo a further 
stretch or elongation and relieve these strains. 

In the cases where failure occurs, the weld metal is not ductile 
enough to stretch and relieve the strains, and cracks develop which 
extend as the joint is used and finally cause the failure of the joint. 

The question remains then as to the best method of getting duc- 
tile weld metal. Experience on test pieces shows that if the weld 
metal is annealed from the critical point down slowly, that the 
ductility is improved. In most cases it is impractical to anneal a 
rail joint after welding. In the present state of the art the best 
way to get ductile metal in the weld, and therefore, good joints 
may be stated as follows: 

1. First and most important, a good, conscientious, experienced 
welder operator who has been trained. 

2. A short arc and proper fusion of the surfaces, and this is only 
possible with a good operator. 

3. A good wire not over 3/16 in. diameter. The welding of the 
top seam is very largely a job of making a vertical weld and for this 
work a 5/32 in. or 3/16 in. wire with from 175 to 200 amp. gives 
better results than can be obtained with 14 in. or larger wires. 

4. The surfaces of the rail and fish plate should be cleaned of dirt 
and thick rust. When the rail and plate are both new the thin coat 
of black oxide on the surface does not have to be removed, but on 
old rails and old plates the surfaces should be carefully cleaned. 

The short are with proper fusion is the most important single re- 
quirement and this takes a skilled operator. 

Before a welder is allowed to weld a joint that stays in the track, 
he should be able to make a satisfactory overhead weld which re- 
quires a short are and proper manipulation. Then he should weld 
a number of test joints and have the plates wedged off so that he 
can see what he has been doing. 

When he has acquired sufficient skill so that it is almost impossi- 
ble to wedge the plates off a test joint, it is safe to let him make 
joints that are to stay in the track and not before. 


Rail Joint Welding 


H. M. STEWARD* 


The rail ends are milled square laterally and have an under- 
cutting of 1/64 in. in 12 in. Joint plates are of rolled section of 
medium carbon steel with a carbon content of 0.30 to 0.40 per cent. 

The drift pin method of joint assembling is used whereby the 
rail heads are brought under moderate compression, Between the 
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rail heads we place a soft steel insert 1/16 in. in thickness. This in- 
sert projects 14 in. above the running surface of the rail and after 
the joint is welded the insert is peened over and the joint ground 
off by a small reciprocating track grinder. Rail joint base plates 
are used and are welded to base of the rails. The joints are welded 
by the carbon are process “B’’ method of seam welding. The weld- 
ing rod used is 9/32 in. in diameter by 24 in. in length, of the fol- 
lowing chemical composition : 


.009 % 


The rods are flux coated. About 114 in. of welding rod is used 
per inch of seam. The top seams are double welded for part of 
the distance. The seams are preheated and postheated by means of 
the carbon arc. This is done by drawing as long an arc as possible 
and moving it slowly along the seam. 

The welding current varies from 175 to 200 amperes at 25 to 
30 volts. The length of the arc is approximately 3% in. A welding 
crew consists of two men per machine. Only one man welds at a 
time. The operators relieve each other at intervals. 

Before men are assigned to regular joint welding they first re- 
ceive instruction in the care and operation of welding machines and 
make up test joints under the direction of competent instructors. 
These test joints are broken apart that the men may see the effect 
of the welding. When the men are considered competent to weld 
joints they are assigned to one of the regular crews for further in- 
struction and, if they pass the final test, take their place as regular 
welding operators. The Boston Elevated Railway has no means at 
its own disposal of testing any joints other than by the destruction 
method and this is done occasionally by the operators. 

From time to time, however, full sized joints or shorter test 
specimens are carefully and scientifically tested at either the lab- 
oratory of the Rail Welding and Bonding Company at Cleveland, 
Ohio, or at the Massachusetts Institute of Technology. In addition 
to these tests the results obtained by various methods of welding, 
variation in strength of current used, welding rods of different 
composition or of test sizes, etc., are tested by our chemists, Saun- 
ders & Franklin, of Providence, Rhode Island. These tests consist 
of chemical determinations and micro-photographs to study chanzes 
in the structure of the rail metal, joint metal, and welding meta’. 

A careful and vigilant inspection of welding is made by the we'd- 
ing foremen during the welding and after the job is finished. 


Rail Joint Welding 


H. F. A. KLEINSCHMIDT* 


In the bar weld joint, the fact that the welds are under the bar 
makes it impossible to see the weld and there is no way of knowing 
by inspection whether a good weld has been made or not. We there- 
fore do not inspect joints except to see that the joints are straight 
and properly finished. 

It is a very simple matter to make a resistance weld and the 
human element enters into it probably to a less degree than in any 
other form of welding. With a current of the proper voltage ma- 
nipulation of the pressure while heating and keeping the current on 
a definite time, applying pressure up to a certain amount per square 
inch when the heating period is over and the current has been cut 
off, and maintaining the pressure a certain length of time while 
the metal is cooling, is all that is required to know definitely that 
a good weld will result no matter who the operator is. The voltage 
is read on a voltmeter and the current is held steady at the voltage 
required, time is read from a clock, and the pressure from a pres- 
sure gage, so that there is no “guess work” about it. All these items 
are recorded on a welding record and it is the inspection of this 
record rather than the weld itself by which we judge whether our 
operators are doing good work. 

While the tests made under the direction of the Committee on 
Welded Rail Joints have shown that the weld at the center is poor, 
we were well aware of this years ago, and it is not essential that 
this should be a good weld, our experience has proven over and over 
that it is more important, from the standpoint of getting a good 
joint, to keep the bars as hot as possible at the center while the end 
welds are being made in order that the contraction of the bars on 
cooling will bring the abutting rails tightly together than it is to get 
a good weld at the center. The end welds, which take all the strain, 
are good welds, however. That this is so is shown by the fact that 
it is an extremely rare occurrence to have an end weld fail. Also 
that it is not important that the center weld be good is borne out 
by the fact that in practice we do not have joints break through the 
bars (where they all broke in tests) once in 100,000 cases. If we 
should stop to hold the center weld under pressure while cooling, 
which would result in a good weld, we would not obtain that con- 
traction in the bars that is essential to keep the heads of the two 
rails tightly abutting, which is the most important feature of any 
rail joint. 

_ In the butt-weld we can and do inspect the weld directly, and can 
judge by the amount of upset whether or not the proper degree of 
heat was reached to make a good weld. In case of a very small 
upset, which would indicate that the weld was not good, the joint 
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is cut apart either by passing an oxy-acetylene flame through the 
weld, or by cutting down through the weld with a hack saw, and 
then rewelding. But here again the human element has little to 
do with getting a good weld. If the current is held at the proper 
voltage, it takes just so much time to make a heat, and pressure is 
applied according to a pressure gage, these items are recorded, and 
if the proper procedure is followed there is no doubt as to the 
quality of the weld, regardless of the operator. Of course we do 
have a failure occasionally. On the welding done for the Third 
Ave. R. R. in New York last year, out of 698 welds made there were 
two failures, one on account of using sand mixed with the clay for 
making the molds. This was due to exhaustion of our regular sup- 
ply of clay, and the attempt to use a different kind of clay which re- 
quired sand to make it hold together. Our men tried this on one 
joint; this weld parted the next day. Borax has a strong affinity 
for silicon and if too much silicon is absorbed by it the conductivity 
is affected to such an extent that the proper amount of heat will not 
be transmitted to the rail and an imperfect weld will result. In the 
other case our welding record plainly showed that not sufficient 
time had been allowed to make the heat, probably through an error 
on the part of our operator. 

In the butt-weld process there is a very pretty play of opposing 
forces which can be read on the voltmeter, provided the current 
on the line is fairly steady. The conductivity of molten borax in- 
creases as its temperature rises, so that the voltage decreases as the 
temperature increases. Just the opposite is true however of rail 
steel, as its temperature increases as resistance increases and very 
decidedly so the nearer the melting point is reached. As the rail 
ends approach a welding heat a point is reached where the in- 
creased resistance of the steel overcomes the increasing conductiv- 
ity of the borax and the voltage begins to rise. We have found by 
experience that if the current is kept on about one-half minute 
longer after this reversal of the voltage takes place, that a good 
weld will result. Of course this cannot always be depended on in 
welding rails where the current supply is drawn from the trolley 
with its unsteady voltage. We therefore depend more on the time 
element, as there is very little danger of burning the steel when the 
rail ends are immersed in the molten borax. 

On account of the unequal distribution of the metal through a 
section of rail, especially a girder rail, we find it necessary to reheat 
the web of the rails after the butt-weld has been made to relieve 4 
strain which tends to separate the head from the foot of the rail, 
producing a lengthwise fracture of the rail web across the we'd. 
This is a strain that is inherent on all rolled rails, and is proba!ly 
added to by us when we apply end pressure to force the rails ‘o- 
gether in the process of butt-welding. By postheating the we) 
above the critical temperature this strain is relieved and I do »0t 
know of a single case of web fracture where this postheating »*s 
done. 


— 


Rail Joint Welding 


R. H. DALGLEISH* 


Two methods of electric welding are now used quite extensively 
for welded rail joints, the metal electrode and the carbon electrode 
methods. The welder on this class of work is at a great disadvan- 
tage in that he is necessarily in an uncomfortable position, dis- 
turbed by vehicular traffic, and on a majority of jobs he is inter- 
rupted by passing cars. This has a tendency to distract the welder 
from his work and makes it very hard for him to keep his mind on 
what he is doing. A good welder on shop work is often unable to 
do good work on rail joints in the street, so it is necessary to use 
great care in teaching them how to do this work. Welders are first 
taught to weld in the shop in the position required in the street. 
This is done to get them used to this method before subjecting 
them to the traffic distraction. They are then sent out with an 
experienced welder until they are able to work by themselves. 


When preparing rail joints for welding, the rails are first cleaned 
of all scale, rust and grease, as are also the joint plates. The plates 
are then bolted to the rails and the rails carefully lined up to get 
the gage line straight and the joint even at the top. After welding, 
the rail head is ground with a reciprocating grinder in order that 
there will be no uneven joint for the wheel to come in contact with. 


The ends of the rails should be carefully cut to make a tight joint 
before the plates are welded to the rails. In order to insure tight 
joints between rails, the spacing of the holes in the rails is slightly 
greater than in the plates, and drift pins driven in to draw the 
rails together before welding. The heat from the welding, of 
course, tends to expand the rail and draws the joints up still 
tighter. 


The welding is started on the outside top seam and next the 
inside bottom seam; next inside top seam and last outside bottom 
seam. This distributes the heat somewhat and has proved to be 
quite satisfactory, although I am quite sure welding the seams in 
other order will be satisfactory so long as both seams are not 
welded on one side of the rail before any welding is done on the 
other. When this is done, it tends to kink the rail. 

A 3/16 in. rod of low carbon steel is used for metal electrode 
welding, with 125 amp. at 60 volts, about 14-in. arc. 

After welding, inspection should be made of alignment of rails to 
see that the gage line is straight. The weld metal should be laid on 
in even layers and the uniform corrugations will show the metal 
deposited evenly. Examination should be made for burned spots 
in the seam. An examination of the seam should be made to see 
that the metal is evenly placed on both plate and rail, in order that 
the maximum strength may be developed at the joints. When rail 
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is welded in one length 14 mile or more long, the joint is subjected 
to severe tensile stress, in addition to the vibration set up in the 
rail due to the movement of cars over the rail. This requires careful 
work and inspection to prevent failures. 

With the carbon are method of rail joint welding, the skill of the 
welder is the predominating factor, and the difficulty in getting 
welders who will turn out uniform work makes it very diffcult to 
get satisfactory results. We have had so much difficulty getting 
uniform results with the carbon arc method that we have discon- 


Fig. 1. Plates in position ready for welding 


tinued the use of that type of joint and we are now using metal elec- 
trode welding for all seam welded rail joints. 

After welding with the carbon arc method, it is almost impossible 
for an inspector to eliminate the bad joints due to the uneven de- 
posit of metal, and the fact that on practically all joints burned 
spots may be found which may or may not be burned metal. In 
preparing joints for carbon arc welding, the plates and rail are 
treated in the same manner as in metal electrode welding. A de- 
flector bar is used to deflect the metal into the seam. In some cases, 
a 9/32-in. rod of mild steel is laid in the seam and burned in place 
by the carbon arc. Another method is to hold a 9/32-in. rod in the 
left hand and the carbon pencil in the right hand and thus bur" 
the metal into the seam. 

A long are with 275 to 300 amp. at 60 volts is used for this cla-+ 
of work, and with that much current it is important that the ar: 


‘ 


1925] TRACK RAIL JOINT WELDING 27 


be moved at a uniform rate of speed to prevent burning the metal. 
The average cost of this type of joint is as follows: 


Helper, 1 hr. 


Fig. 2. Ready to weld 


Fig. 1 shows the joint plates in position ready for welding and 
gives some idea.of the difficulty in getting at the work. Fig. 2 
shows the welder in position ready to weld with the deflector bar in 
place for carbon arc welding. 


Track Rail Joint Welding 


FRANK B. WALKER* 


This discussion only treats of two points, namely: 

l. Training of welders. 

2. Inspection of finished work. 

Whatever measure of success we have had with the Metallic Arc 
Process of welding has been due to what we please to call the 
Development of the Technique of Welding. When we began this 
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process in 1921, we hired an exceptionally good welder to act as a 
welding instructor, and began the training of picked, green men. 

Due to the volume of work and the press of time, we also hired 
experienced welders, when possible. However, probably 90 per 
cent of our total men were trained by our own instructor and were 
invariably better men than the so-called “experienced men” who 
came looking for positions. 

In picking the applicant for training, we were particular that 
he be young, or at least not so old but that he was still mentally 
and physically flexible; was in good physical condition, possessing 
both hands and feet, as well as good eyesight, and hearing. 

The trainee was first taught the difference between the two 
general types of welding machines, i.e. resistance and motor 
generator or dynamotor type, the class of work done by each and 
why; the polarity of the welding arc of each type, and in the case 
of the motor generator machine, how to change the polarity of the 
are. 

He was also taught the rudiments of the care and operation of 
the two types of machines, paying attention to the importance of 
cleanliness and lurbication, and with due emphasis on the fact that 
in starting a machine correctly the last thing done is to apply the 
power, while in stopping a machine, the first thing done is to shut 
off the power. 

In addition to the above, the operator was continually importuned 
to develop (if he did not already possess it) a sense of pride in the 
appearance and quality of the work he was doing as well as the 
appearance and condition of the machine he was working with, and 
last but not least a sense of responsibility for “Safety First’ as it 
applied to himself, the workmen busy around him and the public at 
large. 

When it came to the actual handling of the arc, the two vital 
essentials of metallic arc welding, viz.: absolute cleanliness of a!! 
welding surfaces and the use of a short arc, were continually 
emphasized and held up before the operator, as the observance, or 
lack of observance of these two points, spells success or failure 
in this type of welding. 

For our type of work the actual training of the men consisted 
of intensive training in a few simple exercises, as for example: 

1. Striking the arc, without sticking the electrode, and breaking 
the arc without causing a deep spongy oxidized crater. 

2. Welding parallel beads in a flat position. 

- 8. Filling in the space between parallel beads by depositing 4 
half moon bead. We do not allow the use of the straight or “inch 
for inch” bead. 

4. Building up a pad of metal 3 in. x 6 in. x 1 in. in height in the 
flat position. 

After the trainee became proficient in the above exercises, ‘¢ 
repeated them on a flat plate, in the vertical position. 
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The last step was a repetition of these exercises on a flat plate 
in a straight overhead position. 

The trainee was shown by observing the shape and color of 
resulting beads whether or not his arc was of proper length and 
whether the amperage or current gave the correct heat. 

In connection with the above, the trainee was urged to become 
expert in his ability to handle the welding tools with either hand 
equally well. Under no circumstances was he allowed to hold the 
welding handle with both hands, but rather he was taught to 
develop freedom in the use of the welding arm, so as not to depend 
on any rigid or body support. 

As an example of what can be accomplished by specialized inten- 
sive training under the direction of a competent instructor, we 
would cite the case of an absolutely green man, who due to press 
of time was trained to do first-class overhead welding in three days. 

The above is but one out of many cases, for during the height 
of our rehabilitation work, we were operating two nine-hour shifts 
of 60 welders each. 

The entire welding organization which took care of the welders 
and also an equally large force of surface grinders, aside from the 
division managers and roadmasters, consisted of an engineer in 
charge of welding and the welding instructor. 

Our system of inspection as finally developed, practically made 
certain that every operator’s work was under continuous inspection. 

In the first place each welder was supplied with a stencil number 
which he stamped on each joint welded. These numbers were, of 
course, recorded so that anyone interested could tell immediately 
the operator doing the work. This practice gave the operator a 
sense of responsibility and had a tendency to do away with care- 
lessness on his part. 

To further check up the operator’s work it is our practice for the 
foreman in charge of the track job, to test out at least one joint of 
each operator’s day’s work; the usual practice being to inspect all 
the joints, picking out those which are at all questionable, so far 
aS appearances are concerned, and then trying to break them off 
by means of a hammer and wedge. 

Then, of course, there was the continual inspection by the 
welding engineer, and welding instructor. These men were in 
communication every day, and arranged that between them all 
welding jobs-were covered by one or the other every three or four 
days. This work being scattered over 640 miles of track, required 
50,000 miles of traveling a year on the part of these men. 

In addition a Winter Track School was held, which was attended 
by all engineers, managers, superintendents, roadmasters and 
track foremen. Among other subjects, track welding and bonding 
was thoroughly discussed by means of an illustrated talk. The 
various important points, such as the absolute necessity of clean 
welding surfaces and the use of a short arc were illustrated with 
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lantern slides, showing the appearance and quality of the finished 
work, using the short are and also using a long arc. The dis- 
tinguishing marks being very definite that once learned, our super- 
visory force did not need to be welding experts to tell from a 
finished bead, whether the operator used a short or a long arc, or 
used the proper amount of current. The welding instruction was 
in two parts, viz.: the illustrated talk and discussion in the morning 
and the practical application in the afternoon. In the afternoon, 
all those attending the lecture were taken in hand by experienced 
welders and actually taught the rudiments of handling the arc. 
Of course, they did not become finished welders or even good 
welders ; but they did acquire considerable beneficial knowledge and 
experience which helped greatly toward the success of our joint 
welding. 

The one outstanding point of all the various inspections was and 
still is, that if a joint for any reason did not look A-1, it was broken 
open; and if they all looked good, one or two were broken open 
anyway. This is rather rough treatment, but it does tell absolutely 
just how good a finished job we are getting. If there is any criti- 
cism or suggestion to make, we have the man’s number on the joint 
to refer to. He is brought back, and the points under criticism 
shown him, and if necessary, he is given help to correct his fault. 

This method of inspection was a big help in weeding out those 
welders who could not or would not learn to weld as we desired, 
for after a man had been thoroughly instructed and then had been 
checked up three or four times by means of broken joints, without 
showing any improvement, he was discharged. 

The above methods of instruction and inspection, which so far as 
we can ascertain no other road has ever attempted, has made possi- 
ble the welding and rehabilitation of many miles of worn out open 
and paved track which otherwise would have had to be rebuilt with 
new rail. 

Our per cent of weld failures is about 1/10 of 1 per cent per year. 


Gas Welding Practice 


F. E. RoGcers* 


Improvement of welding practice is largely a matter of elim- 
inating the variables, that is, standardizing on everything that can 
be standardized. No welding shop can be efficiently supervised and 
controlled where a variety of torches and regulators is used. Every 
make of torch has individual characteristics and the gas pressures 
required vary with these characteristics. It is important, there- 
fore, that whatever make of apparatus is used that it be uniform 
throughout. Then the supervisor or foreman can tell by inspection 
of pressure gages and tips whether his men are using tips an 
pressures suitable for the work in hand. 
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Thus one set of variables is practically eliminated and the un- 
certainty of results simmers down to the personal equation of 
the welder. 

Of course, it is understood that standardization should also apply 
to welding rods and fluxes when used. Obviously these should be 
of characteristics suitable for the work and the best that can be 
obtained. 

We know that the gas welding process will produce sound work 
when the conditions are right and the operator is capable. By 
standardizing the conditions you will help the operator and in many 
cases will find that faults of practice have been due to faults of 
equipment conditions outside the control of the operator. Let us 
do everything possible to pin the responsibility for sound welds 
on the operator. When that is done, I believe that most operators 
will be able to show satisfactory work. 


Welding Pipe Lines 


F. A. LYDECKER* 


When making ready to construct a welded pipe line it is im- 
portant to make sure of the welders. Experience has shown that 
many who represent themselves as first-class pipe line men are 
mere novices and furthermore, cannot be taught. In a job of large 
extent, a foreman welder is necessary, and naturally, considerable 
care must be exercised in his selection. 

It is to be expected that a welder will work to the best advantage 
when given freedom of movement, and to this end as much work as 
possible must be done above ground, and by rolling as long a section 
of pipe as convenient, enable him to work on the uppermost portion. 
Some welders become very skillful in welding a pipe joint in place 
without rolling, while others seem to be unable to master the trick, 
but can produce satisfactory welds by the rolling method. The 
foreman, therefore, must be careful to whom he assigns the joint 
work. 

Pipe for welding purposes is usually bevelled at the ends although 
some engineers use square end pipe. Most welders seem to prefer 
pipe bevelled to the full depth, as it is thought this feature aids them 
in obtaining a full depth weld. Also, it is thought advantageous to 
leave a slight gap between the ends of the pipe, when lining them 
up for welding, to compensate for any drawing together during the 
process of welding and to assist in obtaining a full depth weld. 

Building up, or reinforcing a weld above the surface of the pipe 
is considered good practice, as this compensates for failure to 
obtain full penetration and aids in producing welds as strong or 
stronger than the pipe itself. Carried to extremes, this process 
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would be wasteful, but the extra expenditure of material in a 
reasonable reinforcement is amply justified by the results obtained. 

As it is impossible to know fully how well a welded joint has 
been made without destruction and pulling in a testing machine, 
it is important to watch the construction of the joint as much as 
possible. The foreman must note the penetration being made, and 
the manner of fusion. The finished weld must be inspected for 
“cold shuts’, porosity and depressions. It is considered a good 
plan to cut out a completed weld occasionally and let the man who 
made it break sections of it with a hammer to note the character 
of the interior of the weld. 

After a suitable section of pipe has been completed, it is a good 
plan to apply an air pressure test, say at 50 lb. pressure, and go 
over each joint with soap suds. Leaks will be promptly shown up 
and indicate usually cold shuts or porous metal. If each joint has 
its maker’s name painted alongside of it together with the date on 
which it was made, no doubt can exist as to the welder responsible 
for that particular joint, and the date will provide information as 
to the number of joints made per day. 

Encouragement of the welder and getting him interested in the 
work to produce welds of the character wanted is desirable. Speed, 
while important, must not be obtained at the expense of good work- 
manship. A conscientious workman will produce a‘certain amount 
of acceptable work per day and a standard for the job can soon 
be established. A record kept of each man’s work is helpful and 
the knowledge that such a record is carried will spur a man on to 
his best efforts. 


Electric Spot (Resistance) Welding 


J. W. MEADOWCROFT* 


Before you can expect a high standard in Electric Spot Welding, 
you must first make a careful study of your Electric Spot Welding 
Machine and see that the switches, copper dies, etc. are in their 
proper condition to produce high class welds. 

First check up the contact plugs in the switches and see that they 
are a uniform distance apart and that the copper contact plugs have 
a flat face at contact point so that all unnecessary heating of switch 
parts is avoided, and the condition of fibre being burnt out and 
switches falling apart is eliminated ; also see that all copper dics are 
set the proper distance apart so as to get the proper amount 0! 
pressure at welding points and that the welding points are kept a! 
the proper diameter to correspond with gages of metal being 
welded. Also check up the toggle on your machine when setting 
dies to see that it is in its proper relation with die points to obtain 
the necessary pressure, and under no condition, operate electric 
welding machines if die points are hot. If your die points ¢: 
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become hot, check up your water circulation and the length of the 
copper tube and no doubt you will either find that the water system 
has been clogged by dirt or that the copper tube is not long enough 
to prevent a pocket of water from forming in the water shank 
holder, which becomes heated and finally with no water circulation 
in your die points, you immediately begin to produce burnt welds. 
This last item should be watched carefully at all times, especially 
when you are changing dies because of the variation in the depth 
of holes in the various type copper dies used in the manufacture 
of your products. 

Hand operated machines are so constructed that you can adjust 
the handle very easily and quickly and each operator should make 
the necessary adjustment at any time to assure himself that he is 
producing a standard spot weld. 


If, in case your operation requires a foot treadle, same should 
be so arranged that you can use either foot for operating without 
losing your balance or position. It is when you lose your balance 
or position that you lose a certain amount of spot welds due to 
uncertainty in the amount of pressure. 


Now that we have our machines fitted up to produce a high 
standard of spot welds, we must not lose sight of the fact that the 
pieces which we are assembling fit properly before spot welding. 
There is much stress laid on the design of the various products 
we manufacture so that same can be welded successfully, and to 
hold a standard in welding we must form our pieces regardless of 
shape or size so that same can be welded successfully with very lit- 
tle pressure or consumption of current. Many failures in spot 
welding can be attributed to the fit of pieces to be welded and not 
the art itself. Switches are so constructed on electric spot welding 
machines that the pressure can be applied before current is applied 
and although this is a very good invention and works out very 
successfully, we must not lay too much stress on forcing metals 
together and expect to obtain standard welds, or hold pieces to 
their proper shape. Pieces which are shaped, or have contours, are 
much more troublesome to spot weld, especially if the pieces do not 
fit properly as the condition and quality of welds made on irregular 
shapes depends on the position in which pieces are held while spot 
welding. Many times very deep indentions are made because of 
pieces not being held in their proper position for welding. This 
not only gives us a poor weld but it also gives us a vast amount of 
extra finishing which is very costly. On some interior parts, how- 
ever, which are not exposed, the finishing would not be considered. 
Another condition also exists in spot welding irregular shapes 
and that is, holding the various shapes of pieces to the proper 
contours. Many times pieces will change considerably after placing 
numerous welds on same, and unless you take steps to change the 
shape or contours of pieces to allow for this contraction, your 
welded pieces will not be the proper shape. This is much more 
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economical than to simply spot weld the pieces together regardless 
of shape and then have a costly operation of straightening same by 
hand. 

When pieces to be spot welded are formed, held to their proper 
shape while in process of spot welding, held properly at machine, 
while welding, dies, switches, etc. on welding machines kept in 
their proper condition, you should get high efficient spot welds and 
be able to hold a standard of spot welding. 


Pressure Vessel Welding 
AUGUSTINE DAVIS, JR.* 


Our main articles of manufacture in which we use welding are 
truck tanks for gasoline and kerosene delivery and lubricating oil 
cans usually used in connection with the truck tanks on side racks. 

In our truck tanks, on oil tight welds we use acetylene welding 
exclusively. It is desirable to use as light gage material as 
practical to stand up under heavy vibration and stress, and to be 
safe in wrecks. It is also necessary and desirable that these tanks 
be practically 100 per cent leak-proof, and remain so over long 
years of service, because of the obvious danger from fire, should 
these tanks leak. In our lubricating oil cans, the danger from fire, 
because of leakage practically does not exist, but it is necessary to 
have a non-leak can, and one that will remain so for the hardest 
kind of service. 

In the manufacture of our truck tanks, we do not have any 
regular system of inspecting the welding work, except the regular 
air-test and soap water method used in ordinary tank shops. The 
tanks are tested twice, however, once before assembling, and once 
after. Each tank is inspected for defects in workmanship. We 
depend first upon the training of each welder who comes into our 
shop, regardless of previous experience. No new welders are 
permitted to work on oil tight joints until the foreman and super- 
intendent have passed upon their fitness and reliability for this 
work. Secondly, constant observation is made of the work of al! 
welders employed on oil-tight seams. 

We know of no practical method of testing welds in our work 
other than the one mentioned above, and believe the only successfu! 
method is for a competent foreman to watch a welder in his work 
on comparatively unimportant welds, until the foreman is sure tha‘ 
this man is competent and reliable, so that we may depend upon 
his workmanship. The only other method we know of testing 
welds is by testing the tanks produced to destruction. 

Figures 1, 2 and 3 show some very interesting tests run at the 
University of Cincinnati Testing Laboratories, and also repeate’ 
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at the Llewellyn Iron Works in Los Angeles, under the supervision 
of the Raymond G. Osborne Testing Laboratory. 

These tests showed remarkable results in oxy-acetylene welded 
joints and in light gage compartment tanks where the heads of 


Single test compartment, 14 gauge throughout with 
300 gallon heads. Failed at 160 Ibs. pressure per sq. in. 


Single test compartment, 12 gauge throughout with 1000 
gallon heads. Failed at 200 Ibs. pressure per sq. in. 


these tanks are flanged and the weld made away from the nuckel 
of the flange. 

In regard to our 5 and 10 gallon lubricating oil cans, we recently 
ran a series of tests showing remarkable results. Some of the 
» gal. cans filled with water were dropped as high as 60 ft. from 
the top of a five-story building onto concrete, without a leak. 

In conclusion, our method to date, is to run some carefully 
prepared tests on our products from time to time in recognized 
‘esting laboratories, under the supervision of the proper officials. 
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These tests are continued until the destruction of the products, 
either through failure of the welds, or outside of the welds. 

As to the checking up of the welding operators in our shop, we 
have each welder stencil his shop number on each weld as he com- 
pletes it. Thus any leaks or defects can be traced to the proper 


Single test compartment, 12 gau throughout with 
600 gallon heads. Failed = 232 1 ‘s: pressure per sq. 


individual, providing a check on the welder as to his ability and 
reliability. This method has resulted in a very uniform and high 
quality of work. 

We also find it desirable and quite necessary to have welders 
specialize on certain gages of sheet, that is, within certain limits. 
For instance, a man working on light gage can-work would not 
be safe to use without special instructions on 12 and 10 gage 
sheet, as his welds would most likely not penetrate all the way 
through. In tank work, for safety we use the butt weld and lap 
weld only, and never the surface to surface, edges flush, construc- 
tion for oil tight joints. 

We do not permit welding on piece work basis, consequently 
our operators are never excused for defective work on the basis of 
lack of time; in other words, their first qualifications must be 
thoroughness and workmanship. 

It has been our experience, and is.our belief, that more failures 
come through the effort to produce welds at a low cost, without 
having reliable, conscientious workmen than from any other cause, 
and we cannot see how anything will ever take the place of these 
qualities in welding work. 


Ly 


Standardization in Welding 


W. SPRARAGEN* 


Almost every article and book written on welding up to the last 
few years directly or indirectly has implied that good welding was 
90 per cent dependent upon the skill of the welding operator. With 
the methods generally in vogue up to the last few years, this state- 
ment was probably correct, as in most cases the selection of mate- 
rial, design, technique and the work itself was left to the welder. 
Under these circumstances, it would have been more correct to state 
that the quality of the job was 100 per cent dependent on the op- 
erator. 

Fortunately, there were a few welders who arose to minor exect- 
tive positions whose experience was sufficient to make intelligent 
selections and rulings on these various items. However, when 
something new came up, this experience was not adequate and the 
welding either failed or the engineer was called in on the job. 

The fundamental principles governing the various welding proc- 
esses are not mysterious, although they are at times difficult and 
require careful scientific study. 

In production work, where the possibilities of welding as a fab- 
ricating process appear advantageous, the particular welding appli- 
cation should be studied and carefully worked out by experienced 
engineers. The following are questions which must be answered - 

1. What is the proper composition of base metal? 
2. What should be the physical requirements of the base metal? 
3. What kind of welding wire should be used? 
4. What is the best type of joint? 
5. What is the proper current or torch tip to use? 
6. Should the welding be done in more than one layer? 
7. What provisions must be allowed for contraction and expan- 
sion? 
8. What preparation should be made of the parts to be welded? 
9. What jigs and fixtures can be used to help the work? 
10. What tolerances are permissible? 
11. What inspections and tests should be made? 
12. What should be the requirements of welders to do the particu- 
lar work? 

These questions can only be answered as the result of tests and 
trials, although experience in other similar problems can be called 
upon to reduce these trials and tests to a minimum. It is not fair to 
ask the welder to decide all of these questions, as he is not competent 
by training to solve them. One would not ask a riveter to answer 
all of these questions—there is very little that is left to his 
initiative. 

When these problems are worked out, the welder is only called 
upon to manipulate the torch or electrode to do a particular job, 
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and after a little training he can be depended upon to do the work 
day in and day out with less percentage of variation in quality than 
found in riveting, providing, of course, there is a proper inspecting 
and supervisory force. 


Testing of Welds 


The testing of welds and welded products is different for every 
industry. It depends on the nature of the particular problem at 
hand. In some cases hydrostatic pressure can be applied with a 
force sufficient to allow a reasonable margin over the stresses that 
the particular product will meet in service. Blows of a hammer, 
soap solution, oil penetration and reduction of air pressure are 
also useful for certain classes of work. In a great majority of cases 
tests of this sort are neither possible nor desirable. Where all of the 
variables, except the actual deposit of the metal, have been deter- 
mined by competent engineers, the quality of the product will be 
known in advance. The skill of the operator can be tested and 
checked for the particular job at suitable intervals. Suitable inspec- 
tion service should be given very careful attention. 

This inspection service should include: 

1. Checking whether all the requirements as to preparation 

before welding are fulfilled. 

. Whether suitable materials are being used. 

. Method of deposit of metal. 

. Whether the right current or size of torch tip is being used. 

. Whether the actual manipulation of the torch or electrode 
is satisfactory. 

. Whether the parts to be welded are clear and free from 
foreign matter. 

. Whether the proper penetration and fusion are being ob- 
tained. 


In some cases it might be desirable to have the welder stamp his 
number on the job, and in still others the inspecting force might 
test parts of the work to destruction. 


Testing the Skill of Operators 


With the proper control, the quality of the given product is very 
little dependent upon the operator. On the other hand, he must 
be expert in depositing the metal for the particular job in hand. 
This expertness can in most cases only be tested by physical 
tests to destruction of tests specimens similar to the work which 
he is doing. Once the welder has proved himself competent to do a 
particular job, it rests upon the supervisory and inspecting force 
to see that it is done continuously. 

On the other hand, great pains should be taken not to destroy 
the initiative of the welder. If the welder complains about condi- 
tions not being right, these should be carefully checked and not 
ignored, as sometimes materials which apparently have passed the 
purchasing department are not suitable for the work in hand. 


1925] RAILROAD SHOP WELDING 39 


It should also be pointed out that while some welders can do a 
100 per cent job on certain work, in other instances they are entire- 
ly unfitted. For example a man that can weld thin steel in a flat 
position might not be able to do it in an overhead position or might 
not be able to weld heavy steel even in a flat position. In another 
instance a welder that is an expert on repair work would be en- 
tirely unsuitable, without additional training, for production work 
on steel. 


Conclusions 


It is the writer’s belief that too much responsibility in the past 
has been placed upon the welder and that the engineer has dodged 
his responsibility in the matter of design, technique to be em- 
ployed, and selection of materials. In many cases even the en- 
gineer can only make these decisions after numerous tests and 
after consulting with others. The American Bureau of Welding is 
ever ready to help in solving technical problems which confront 
the welding industry. 


Railroad Shop Welding 


W. H. LUDINGTON* 


I am taking the liberty of modifying the topic, or rather the two 
topics assigned, and combining them into one, namely: “How to 
Insure the Performance of Good Welds,”’ which, I take it, is the 
real subject or object of our discussion. 

The controllable factors in such an endeavor may be listed under 
three general heads, first Instruction, second Supervision and third 
Inspection. 

Let me take the last division first and say that since I am attempt- 
ing to discuss the whole subject from the standpoint of railroad 
shop operation it may be as well to admit at the outset that, speak- 
ing in laboratory terms, very little testing or inspecting is done 
or can be done in connection with railroad shop or maintenance of 
way welding. 

In railroad practice the principal use of the oxyacetylene process 
is for repairs, often of such a character that the broken parts are 
not dismantled and requiring to be put in service with the least pos- 
sible delay ; so there is no possibility of testing the work except by 
observing whether it stands up in service. 

The very nature of most practical welding jobs precludes the 
possibility of any other test, unless the weld fails, and then the 
obvious course is to make a thorough metallographical study of the 
weld and the original metal so that the cause of failure may be de- 
termined and avoided in future work. The more progressive manu- 
facturers of gases, apparatus and supplies maintain well equipped 
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laboratories for such studies. Many railroad laboratories have 
equipment and personnel for similar investigations. A check-up of 
this nature will only be of full value when the important welding 
jobs are stamped with the date and with the initials of the welder 
in addition to the shop record of the repairs. In this way the fault 
can be corrected whether it be with the operator, the welding ma- 
terial, or the original forging or casting. 


Visual inspection of finished jobs is always desirable when the 
foreman is qualified to pass on the quality of the work or when the 
supervisor is present, as the final appearance of a weld will tell the 
expert welder a great deal. This phase of inspection is impossible to 
reduce to laboratory terms and besides is primarily a function of 
supervision (our second subdivison). 


More searching tests of actual welding jobs might be theoreti- 
cally desirable as an aid to improving welding practice, but we are 
confronted with a condition, not a theory, and it is a condition 
which there is not much hope of changing. 


The situation seems to demand, then, not so much a post mortem 
and a coroner’s jury, as good educational facilities and a police 
force, which brings us to the first and second sub topics of Instruc- 
tion and Supervision. Instruction methods might easily be reduced 
to standards. In fact, this has been done repeatedly, but unless the 
curriculum is followed in a school or institute where both teachers’ 
and pupils’ time is entirely devoted to the work, progress is likely 
to be slow, and certainly the instruction will be expensive. It does 
seem, however, that welding is important enough to deserve more 
systematic schooling than most railroads find it possible to give 
their operators. One difficulty is the time taken from productive 
labor; another is the seniority system whereby a man may choose 
to be the welder, whether he has the necessary ability or not. (For- 
tunately, most men do not care to stick to welding unless they are 
proficient). As a result, a man becomes a welder much as he be- 
comes a machinist or a blacksmith, but probably with less restric- 
tion. He watches the instructor and helps the other operators until 
he is adjudged competent to handle a job alone, and the success or 
failure of his welds is his only diploma. It would undoubtedly pay 
the railroad or any industry to require all operators to pass certain 
practical and theoretical tests, which would insure a sufficient de- 
gree of skill with a torch and a sufficient understanding of funda- 
mental principles, before paying them welder’s wages and entrust- 
ing important work to them. Unless the employer is willing to go 
to the considerable expense of giving the beginning operators a 
well-planned course of instruction, it does not seem practicable to 
attempt any periodical checking up of welders already assigned, 
such as the welding of coupons for laboratory test. This practice 
does not disclose enough concerning the welder’s judgment and ski! 
in handling practical jobs to warrant the effort. Instruction is the 
most important safeguard for good welding, and all the testing an: 
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supervision in the world will not make a good welder out of an un- 
trained or unwilling worker. 

Supervision. It goes without saying that the average man’s work 
in any art or trade requires the corrective influence of a more 
skilled and more experienced operator. I have chosen not merely 
to include under the supervisor’s duties the task of watching and 
assisting the welders at work, but also to assume that he is a man 
of such recognized judgment that he has a voice in the selection of 
welding equipment, welding supplies and gases. He will, therefore, 
presumably favor the standardization of torches and regulators so 
as to simplify his work, he will specify only such welding supplies 
as can be relied upon, and he will demand high purity gases from a 
dependable source so as not to have important work delayed. It 
should be recognized that the supervisor has a big job to take care 
of and that he must exert himself to watch and educate not only his 
welders, but various other departments whose help is necessary in 
a successful welding program. For instance, he will need the co- 
operation of the stores department to insure the careful filling of 
requisitions for welding rods, lest the success of the weld be im- 
paired by the issuing of the wrong rod or by the lack of supplies, 
and he should be in a position to obtain from his superiors the au- 
thorization for performing new welding operations which progress 
in the art has made possible. 

Occasional changes from one type of torch to another, or the 
adoption of new developments makes it necessary for the super- 
visor to watch the performance of his operators at all times so that 
the correct sizes of tips, the correct pressures of oxygen and acety- 
lene and the proper kind of adding material will be used for all 
welding operations. Thus it will be increasingly possible to obtain 
that excellence of performance which will inspire the confidence 
that the art of welding deserves. 


Inspection of Spot and Butt Welds 
By A. L. DE LEEUW* 


The following remarks on the inspection of welds for quality 
will be confined to spot welds and butt welds because those are the 
types with which I have had most experience. The best test I know 
of for a spot weld is to tear the pieces apart in tension and note 
carefully where the material tears. Naturally it should not tear at 
the weld; neither should it tear in the metal directly alongside the 
weld for a tear in this region is pretty sure proof that the metal 
adjacent to the weld has been weakened to some extent by the weld- 
ing process. 

Another worthwhile test is to subject a section through the weld 
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and the surrounding material to a critical examination under the 
microscope. 

These two tests properly applied will lead to a regulation of tem- 
perature, timing, voltage and any other variable elements that wil! 
result in satisfactory production work. 

When two or more spot welds are made simultaneously some test 
of the piece should be devised to find which of the simultaneous 
welds fails first. It is extremely difficult to make the welds of 
equal strength under these conditions and it is desirable to know 
which is the weak one. 

In testing butt welds allowances must be made for the materials 
welded. When soft steel is welded to soft steel, a certain percentage 
of the welds should be broken, some under tension in a testing ma- 
chine, others by hammer test in a vise. A welded rod held in a 
vise so that the weld is close to the jaws should not break at the 
weld under a hammer blow. 

It is desirable also to secure occasional microphotographs of 
longitudinal cross sections through the welds and the adjacent 
material. Such photographs will show whether the proper amount 
of flash has been allowed for and also whether the other variable 
conditions were right. 

During the development of a method of welding new pieces, al! 
of the first lot of pieces welded should be tested to destruction. 
When a method begins to shape up satisfactorily it is only neces- 
sary to break 10 per cent of the pieces. Later on when the method 
has reached a more or less permanent stage, it will probably be 
sufficient to break not more than 1 per cent of the pieces. If the 
welding process and the operators are kept under proper control, 
it may be possible to reduce the number of test pieces to be broken 
below 1 per cent of the total produced. It has been my experience, 
however, that it is not wise to go beyond the 1 per cent figure. 

After a method has been finally established, it often happens that 
the welds become progressively poorer. In the great majority of 
cases the fault is due to the welding electrodes not being kept 
clean. If the electrodes are clean, however, welded pieces will give 
off the same kind and amount of sparks. With dirty electrodes the 
sparks will shoot off at all sorts of angles and with greatly vary- 
ing intensity. I have occasionally surprised a welding operator by 
telling him from across a room that his electrodes were dirty. 
Such a stunt is not at all difficult if you will observe the variation 
in the direction and intensity of sparks. 

When dealing with a part that must equal the solid after weld- 
ing, an arbitrary standard must be set; for instance, it might be 
required that the work be stopped when more than 0.5 per cent of 
the welds fail to pass a given test. No further production should 
be authorized until the method has been improved to the point 
where the test requirements can be satisfied. 

When mild steel is to be welded to high speed steel or to carbon 
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steel, it is unwise to condemn the welding unless you are absolutely 
sure that the annealing has been done properly. I have found it 
advisable to thrust the hot steel immediately into charcoal to keep 
the air away from it. It is possible that some small amount of car- 
bon may be absorbed by the hot steel, but I have never seen it 
proved. The piece should be transferred to the annealing furnace 
as quickly as possible. Of course, the ideal arrangement would be 
to have the welding machine so close to the annealing furnace that 
the finished welds would be transferred immediately from the weld- © 
ing machine to the furnace, but as this is seldom possible, owing 
to shop conditions, it is advisable to have the carbon pack to pro- 
tect the hot steel in transit. 


Welding in Railroad Shops 


By E. WANAMAKER* 


I. INSPECTION OF WELDS 
1. a—Preparation for Welding: 

On railroads, the preparation for welding is done in accordance 
with standard instructions for the principal applications and local 
supervision is responsible for adherence to standards, the same as 
any other work. 

1. b—Length of Arc: 

In general, whether or not the proper arc length has been main- 
tained is best determined by visual inspection of the finished job, 
but, of course, can also be determined periodically during the per- 
formance of welding by observance of arc voltage, which is 
nominally 20 volts, for the usual run of work. 

1. e—Penetration: 

As in the case of arc length, visual inspection of the finished job 
can give some indication of penetration by the appearance of the 
deposit—that is, whether there are any overlappings of the added 
metal. Inspection for penetration may also be made periodically 
during the process of welding by observance of the crater from the 
base metal. 

1. d—Fusion: 

Aside from the character of the metal, from which a weld is 
formed, it may be said the quality of the weld is determined entirely 
by the thoroughness of fusion between the metals to be joined, and 
to some extent the character of the metal would be altered by 
variation in the degree of fusion, bearing in mind that thorough 
fusion is the principal objective for welding, and the thoroughness 
of fusion naturally is subject to alteration by any one or al! of the 
variable conditions involved in welding, such for example as length 
of are, cleanliness, are current, which are conditions largely under 
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control of the operator. In addition, it is also affected by the flow or 
penetrating quality of the wire employed and possibly the current 
and voltage characteristics of the welding circuit. There is, how- 
ever, little to be feared from the latter feature as most of the mod- 
ern equipments provide the proper current and voltage character- 
istics. In conclusion, proper inspection of conditions enumerated 
would determine the thoroughness of fusion. 

1. e—Porosity: 

Inspection required for this work varies with industries. On 
railroads, it is determined usually by hydrostatic test. 
1. f—Visual Inspection of Finished Jobs: 

Visual inspection of finished welds, of course, furnish some 
indication of the quality of the work and assuming only the surface 
portion of the weld indicated good welding and the remainder were 
poor, it, at least, indicates that the operator is competent to perform 
good welding and whether he does this consistently must of neces- 
sity depend either on close supervision and inspection in the ap- 
plication of welding or upon the operator’s record. 

1. g—Photographs: 

On the railroad work, with which I am familiar, micro photo- 
graphs are used generally in connection with tests, either for con- 
templated applications or to determine the cause of failure and in 
some instances to examine workmanship. 


II. TESTING SKILL OF OPERATORS FOR SPECIFIC WORK 
2. a—Handling Torch or Electrode: 

Most of the inspection used for determining the quality of welds 
is also applicable for the testing of skill of operators. For instance, 
the handling of the torch or electrode could be determined by arc 
length, penetration, thoroughness of fusion, etc. 

2. b—Selection of Current Voltage and Size of Rod: 

Selection of current is usually given in standard instructions— 
that is, the nominal current for a given size electrode, and the size 
electrode for a given section or mass, in the standard instructions. 
There is of necessity considerable latitude in the choice of current 
and size of electrodes occasioned by the conditions under which 
the welding must be done, such as position of the work, and the 
thermal capacity of the parts, rate of heat conduction, etc. 

2. c—Adjustment of Tips and Pressure: 

In general, choice of tips are determined by the same conditions 
as the choice of current and electrode sizes for arc welding; the 
pressure varying with the make and type of torch usually furnished 
by the manufacturer. 

2. d—Length of Arc: 

As given under inspection of welds, the length of proper arc is 
determined by the arc potential, the degree of fusion or penetra- 
tion, assuming the electrode current density of a proper value is 
employed. 
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2. e—Physical Tests to Determine Quality of Welding: 

The tests for operators vary widely with the different roads. 
Some require no physical test if the operator fullfills qualifications 
with respect to the preparation of work, length of arc, penetration, 
choice of current, etc., where in other cases, in addition, a rough 
physical test is conducted by testing specimens, usually pieces of 
boiler plate welded together and tested to destruction by bending 
under the hand or steam hammer and noting the degree of bend 
and the structure of the weld metal, and in still other cases, samples 
are submitted to the laboratory for the usual tensile test. 


2. f—Speed of Welding: 

The consistent rate of welding is determined not only by the skill 
of the operator, but also by the nature and location of the part or 
parts to be welded, and for practical purposes can only be judged 
by the supervision directly in charge which is the usual procedure. 


Ill. IN CONCLUSION 


It might be well to say that at least insofar as the Rock Island 
Lines is concerned, we have found—after necessary and due ex- 
perimentation with any new possible job that may have presented 
itself, or have been developed in an effort to seek a more satisfac- 
tory and more economic method—that it is first necessary for 
general supervisory officers in charge, with the assistance of those 
who have direct supervision over welding matters, to develop 
standard methods for preparing, performing and inspecting the 
entire welding job or operation, in line with standard general 
welding instructions and specifications. Such procedure carefully 
followed results in what may well be termed commercially success- 
ful welding. 


Welding in Shipyards 
A. G. BISSELL* 


At the present time there is no commercial apparatus for testing 
of welded joints, although there has been developed an apparatus 
by which it is possible to test a butt weld with a fair degree of 
accuracy. This, however, is in an experimental stage, and will be 
some little time before it is put out. In view of these facts, it 
is necessary to rely entirely upon the surface inspection of the 
finished weld, observation of the work while being done and upon 
the reliability of the operator. A thoroughly competent welding 
supervisor can do more toward obtaining good welds than any 
other medium. He is continuously in contact with the operators, 
and by observing their work and having them make test welds he 
can determine the ability of the individual welder and place him 
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on such work as requires his special ability. In this way it is 
possible to obtain good arc welding. 

In the writer’s experience the following procedure was followed 
to produce reliable arc welders and are welds. 

1. Carefully pick the man to be trained as an are welding 
operator. This man should have a fair education and be inclined 
to study, in order that he may keep informed on the advances 
made in his work. He should be a man having job pride and 
enthusiastic about his work. His rate of pay should be such 
that he has some incentive to make his work the best, and, there- 
fore, obtain the highest rate of pay. Piece work does not en- 
courage good welding. Speed and good welding do not go together. 

2. The operator should be very carefully trained in his work. 
All the mystery should be removed from his work and he should 
be given a thorough understanding of just what happens in his 
weld from a mechanical and metallurgical standpoint. He should 
be taught how to prepare different welds or joints to get the best 
results. He should not be rushed in his practice work, and given 
plenty of time to familiarize himself with the manipulation of the 
are in the various positions that will be required in welding. He 
should be encouraged to ask questions about his work and full 
and complete explanations should be given to all his questions. 

3. After the operator has become proficient in depositing metal 
in the various positions, he should make test samples and either 
break them himself or have them broken in his presence so that 
- he may see the results. It has been found that by this process the 
operator can see where he has done poor work and will try to 
correct it and prepare samples that will not fail because of lack 
of fusion, or poor manipulation of the arc. 


4. After the operator is capable of making a reliable joint he 
should then be put on simple construction work under the guidance 
of a competent operator or supervisor and gradually advance to 
the more difficult work until he becomes a proficient operator. 
After he has become proficient on steel then he should be started 
at odd times in practicing on other metals as cast iron, brass and 
bronze and the various other phases of arc welding. 

If this procedure is followed it will be possible to obtain good 
arc welders that can be depended upon and will produce good 
work, which under the direction of a capable supervisor will not 
require final testing by electrical, mechanical or other means. 

The foregoing does not give any definite instruction as to in- 
specting welds but in the work at the Navy Yard only such jobs 
as could be tested by hydraulic pressure were tested. We usually 
tested an original sample to determine if the joint woulé stand 
the required strain as in the case of pipe stanchions. Samples 
were made and pulled before the final job was attempted. The 
usual run of inspection was simply knowing the welders’ ability 
and a surface examination after the job was done. 


Non-Destructive Tests of the Reliability 
of Arc Welds 
W. L. WARNER* 


Ever since the beginning of scientific investigation of natural 
phenomena and the application of the knowledge thus gained to 
the service of mankind, the engineer and scientists have been 
searching for check methods and tests by which to determine the 
reliability of mankind’s handiwork without destroying that handi- 
work in the process of testing. In all fields of endeavor such work 
is going on with varying success. For many purposes tests to de- 
struction by mechanical methods are satisfactory, but in some cases 
non-destructive tests are much to be desired. So it is with the 
welding art. 


An Are Weld and Its Appearance 


An arc weld in the full sense of the name is a union of two 
pieces of metal by fusion, the necessary heat being generated by 
an electric arc which causes certain parts of the two pieces to melt 
and amalgamate or mix so that the two original pieces become one. 
Additional material may be supplied, from a metal electrode which 
forms one terminal of the arc, or from a separate source, which 
usually is a filler rod manipulated by the operator. 

The outside of the deposited metal in an arc weld presents a 
rippled appearance, the evenness of which is dependent upon the 
skill of the operator and to some extent upon the welding condi- 
tions. The regularity of this rippled formation serves as a general 
guide to the quality of the weld, since a smooth, uniform deposit 
indicates a uniformity of are conditions. However, a smooth ap- 
pearance may not mean that the proper penetration or depth of 
fusion has been obtained. The amount of penetration is indicated 
by the depth of crater which may be noted wherever the arc is 
broken. 


Inspection Test 


It is quite impossible to definitely forecast the strength and 
quality of an arc weld on the basis of the appearance of the fin- 
ished weld alone. Slag inclusions or blowholes may occur in the 
deposited metal and not show on the surface. One indication of 
improper fusion caused by too long an arc or too low welding cur- 
rent is the shape of the weld bead. Under these conditions the 
edges of the bead will appear to be folded under as if the metal 
were only laid on top of the work piece. This condition may be 
easily noticed upon close inspection. 

But suppose the appearance of the deposited metal is “good,” as 


*Industrial Engineering Dept., General Electric Co. 


47 


S ; SG 
* 
é.° 
=* 
A 
ry 

+ 
we 
— 


48 JOURNAL OF THE A. W. S. [April 


a welder would say. What must we do to find out how good the 
weld is? If the weld has been properly made and the two pieces 
are firmly joined so that they form one piece, a light hammer blow 
on one side of the joint will cause the weld to “ring true,” i.e., the 
sound will be closer and resonant as the sound which a solid piece 
of the same thickness of material would give. 


Mechanical Tests 


For pressure tanks or containers, pressure is usually applied up 
to a value several times the designed working pressure. Many 
defects can be easily “spotted” and corrected by this method. This 
test is not of sufficient severity to injure the container and even a 
hammer test is resorted to in some cases in order to uncover any 
weak spots in the weld. 


Electrical Tests and Vibration Tests 


During 1918 and 1919 the Welding Committee of the Emer- 
gency Fleet Corporation considered the possibilities of using elec- 
trical conductivity tests for determination of flaws and weaknesses 
in are welds in general. From the minutes of the meeting of the 
Committee held in New York, Aug. 30, 1918, R. W. Conant of 
the Massachusetts Institute of Technology is quoted as follows: 

“I was very doubtful of the practicability of any electrical re- 
sistance method on account of the extremely low values of the 
potential differences. As you may know, I have by the aid of an 
instrument of special design been successful in measuring much 
smaller differences of potential than is customary in ordinary elec- 
trical work. The commercial practicability of this method has 
been thoroughly demonstrated on the numerous street railways of 
this country and abroad. It has never been necessary, however, 
in this work to deal with as low resistances as will be met with in 
your work. Since speaking with Mr. Forbes I have given some 
thought to the matter and have been able to increase the sensitive- 
ness of my method about ten times. I have made some tests with 
the more sensitive method on a reduced scale with remarkably 
gratifying results, the small cuts representing-faults showing up 
perfectly with a very reasonable loading current and I now be- 
lieve that it may be possible to determine the defective welding 
should it be of such magnitude as to decrease the strength of the 
joint 10 per cent in any one place. The chief difficulties that | 
have encountered with this very sensitive method come from 
thermo-electric currents. I have had similar difficulties before in 
other kinds of work and have overcome them, and in one instance 
caused the thermo-electric currents to be a positive advantage in 
the determination of the resistance.” 

“Of course, in new work like this, it is impossible to say before 
hand just what the outcome would be, but I firmly believe that the 
greatest chance of success lies in the direction that I have indi- 
cated.” 
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H. C. Forbes, a member of the committee, who is referred to in 
the preceding quotation, suggested a sound test based upon an 
analysis of the wave form of a sound wave before and after pass- 
ing through a portion of a weld. 

“If a sound wave was produced in a welded plate by a tuning 
fork, the expectation would be that the amplitude of vibration of 
the wave would be reduced more when passing through a poor 
contact weld then when passing through a good contact weld.” 

“The sound wave would be taken from the plate at two points 
by phonograph sound boxes attached to metal rods and passed 
to the ends of a sound interference apparatus in order that only 
the residue of the vibration need be analyzed. If the weld gave 
good molecular contact, then the amplitude of vibration across it 
would not be materially reduced and the interference should result 
in comparative quiet. But if the molecular contact in the weld was 
poor, then the amplitude of vibration of the sound wave should be 
reduced in passing across the weld and in this case the greater 
vibration would predominate in the interference apparatus and no 
quiet point could be found.” 

“This is only a suggestion of a method easy to try but with little 
hope of success under laboratory conditions, and obvious obstacles 
which might be impossible to overcome in the field, such as extrane- 
ous noises, etc.” 

R. L. Sanford of the Bureau of Standards at Washington car- 
ried on an extensive series of tests in 1918 for the Emergency 
Fleet Welding Committee. His purpose was to discover a method 
of magnetically exploring the weld bead in order to discover any 
possible flaws in the deposited metal. The theory underlying his 
method may be explained by the following quotation from the 
minutes of the committee for Sept. 12, 1918: 

“The theory can be better understood by considering first the 
conditions when a straight bar is magnetized between the poles of 
an electro-magnet. When this is done the distribution of mag- 
netization, or magnetic flux, along the bar, if the bar is uniform, 
can be represented by Curve No. 1. 

“The slope of this curve, or the magnetic leakage, is then repre- 
sented by Curve No. 2. If the slope of this curve is plotted we get 
what has been called the “uniformity curve” represented by Curve 
No. 38. Any variation from uniformity in the bar disturbs the 
regular distribution of magnetic flux and consequently of the mag- 
netic leakage. Irregularities in the leakage curve then indicate 
non-uniformities in the bar. 

“In making the measurements on a ship plate, a portion of the 
plate is magnetized between the poles of a suitable electro-mag- 
net and the magnetic leakage can be observed directly by means of 
a flat test coil placed against the surface of the plate and connected 
to a ballistic galvanometer. 

“Experimental work has been done at the Bureau of Standards 
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with a sample of welded plate about 1% in. in order to point out 


the proper method for proceeding with the sample of ship plate 
which is to be sent to us. 


Fig. 1. Testing welds by magnetic analysis 
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“The first work was done by magnetizing the plate in such a 
way that magnetic lines of force pass transversely across the weld. 
The curve of magnetic leakage that has been obtained is approxi- 
mately of the form indicated in Curve No. 4. The uniformity 
curve taken from these observations is nearly of the form indi- 
cated in Curve No. 5, showing that there are magnetic soft spots 
at each side of the weld and a magnetic hard spot at the center. 
This method of examination does not seem to be promising, due to 
the fact that even a perfect weld constitutes an inhomogeneity in 
the plate and variations in the quality of the weld would be shown 
as variations in the magnitude of this inhomogeneity.” 

“Experiments are now in progress with the electro-magnet placed 
so as that the magnetic lines of force travel longitudinally along 
the length of the weld. This seems to be a more promising method 
of attack.” 

In the Sept. 26, 1918, minutes of the Committee is given a further 
report from R. W. Conant of the Massachusetts Institute of Tech- 
nology as follows: 

“Mr. Ewertz and Mr. Cozad of the Bethlehem Shipbuilding Cor- 
poration have cooperated in this investigation and have prepared 
for us a test plate which consists of two pieces of 14-in. steel plate 
each 2 ft. sq. welded together on one edge. The character of the 
2-ft. weld was varied throughout its length to include good and 
bad sections. We were not informed as to the locations of the 
good and bad parts and the surface of the weld was covered over 
throughout its length with welded metal to appear of uniform 
character.” 

“Mr. Conant has been working on this plate in our laboratory 
since Aug. 29, 1918. Early in the month of September it was 
agreed in a conference between Mr. Forbes, Mr. Conant and my- 
self that it would be desirable to investigate first the application 
of Mr. Conant’s method to the location of concealed saw cuts made 
in the test plate to imitate defective welds. Two saw cuts were 
made along the central axis of one member of the test plate. These 
saw cuts, each about 4 in. in length, were respectively 14 in. and 
¥% in. deep to represent joints of 50 per cent and 25 per cent effi- 
ciency. Mr. Conant has been applying his method to the location 
of these saw cuts and on Sept. 21, 1918, Mr. Conant informed Mr. 
Forbes and myself that he was ready to locate such concealed saw 
cuts in a steel plate.” 

“Two saw cuts were then made along the central axis of the other 
member of the test plate; one 4% in. in length and %% in. deep to 
represent a joint of 25 per cent efficiency and the other 4%@ in. in 
length and 14 in. deep to represent a joint of 50 per cent efficiency. 
The plate was then turned over and with the exception of a chalk 
line indicating the axis along which the saw cuts had been made 
there was nothing to indicate their location. Mr. Conant, on Sept. 
23, 1918, after working 29 minutes, indicated by chalk marks the 
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results of his investigation as follows: One saw cut was located 
at a point beginning 31% in. from the edge of the plate, extending 
3% in. along the axis and marked “Bad—rejected.” There was 
actually a saw cut in the plate at this point beginning 314 in. from 
the edge, extending a distance of 414 in. along the axis and %% in. 
deep, representing a joint of 25 per cent efficiency. The other saw 
cut was located by Mr. Conant at a distance of 195% in. from the 
edge of the plate, extending 11% in. along the axis and marked 
“Very slight defect.” There was actually a saw cut in this region 
beginning 17%% in. from the edge of the plate, extending 4% in. 
along the axis and 14 in. deep, representing a joint of 50 per cent 
efficiency. 

“Tt should be noted interpreting these results that the saw cuts 
was 3/32 in. wide and being made with a milling cutter the saw 
cut did not attain its actual depth abruptly, but sloped from the sur- 
face of the plate to the bottom of the saw cut over a distance of 
about 34, in. It should be stated then that Mr. Conant located the 
joint of 25 per cent efficiency exactly and located another defect 
approximately but without recognizing its low efficiency.” 

The work described in the foregoing report from Mr. Conant 
was a preliminary study of the possibilities of the resistance method 
of determining efficiencies of welded joints. In this work Mr. 
Conant used ordinary flat plates with slots cut into the plate at 
various points by a milling cutter. The results of his later work 
on are welded joints are given in the following report dated Sept. 
27, 1918: 

“The following is a report of an investigation regarding the re- 
lationship between the relative electric conductivity and the effi- 
ciency of an electric welded joint. Twelve welded joints were 
prepared for this purpose by the Bethlehem Shipbuilding Cor- 
poration. In each case two steel bars each 2%, in. by 4 in. by 
7 in. were welded together on the 2%, by 1% in. surface. The 
electric conductivity of the welded joint was compared with that of 
the steel bar by comparing the resistance between two joints bridg- 
ing the welded joint and two other points on the steel bar, the dis- 
tance between the two points in each case being 2 in. The welded 
bars were then pulled apart in a testing machine to determine their 
respective ultimate strengths. The results of these measurements 
are given below in tabulated form. 

Mr. Conant summarizes these test results as follows: 

“The relative conductivities and the efficiencies are accurate 
while the relative sections are only approximate. The results in- 
dicate that measurements of the conductivity of a welded joint, 
under laboratory conditions impossible to duplicate in a shipyard 
and with the plate divided into small parts so that the conductivity 
of localized portions of the weld may be measured with high ac- 
curacy, may not indicate the efficiency of the joint closer than 20 
per cent and that a relative conductivity of 110 may indicate an 
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TABLE I 


SPECIMEN DATA 
Relative conductivity versus efficiency of electric welded joints. 


Specimen Section of Weld Cond. of Weld Efficiency 
Number Section of Bar Cond. of Bar of Weld 
1 121 110 262 
2 135 118 80 
3* 100 102 (113) 62 
4 129 110 74 
5 128 110 82 
6* 103 104 (109) 60 
77+ 134 114 Above 100 

8 130 112 87 

9F 150 112 Above 100 
107 102 98 (118) 82 
1i+¢ 147 117 Above 100 
12+ 156 121 Above 100 


* Surface of weld planed off to surface of bar. 
+ Specimen broke outside of weld. 
() Relative conductivity before planing. 


Conditions under which welds were made. 


Specimen Experience of Welder Voltage Current 
1 Less than one month 65 110 
2 Less than one month 65 110 
3 Less than one month 65 80 
4 Less than one month 65 80 
5 Two months 65 75 
6 Two months 65 75 
7 Nine months 62-—66* 110-130* 
8 Nine months 62-66* 110-130* 
9 Long experience 35 125 to 140 
10 Long experience 35 125 to 140 
1l Long experience 35 125 to 140 
12 Long experience 35 125 to 140 


* Two layer welds; first layer, 62 volts, 110 amperes, and second layer, 
66 volts, 130 amperes. 


In specimens 1 to 8, Roebling’s standard 5/32” wire was used and in 
specimens 9 to 12, Wilson Welder and Metals Co. welding wire; Grade 6 for 
specimens marked A and Grade 9 for specimens marked B. 


An examination of these data reveals the following results in 
classified form: 


Specimen Relative Relative Efficiency 
Numbers Section Conductivity Differs by 
1— 4— § Approx. same Same 20% 
3— 6—10 Approx. same Approx. same 20% 

I— 8 Approx. same Approx. same More than 13% 
2—11—12 Differ by 21% Approx. same More than 20% 


8— 9 Differ by 20% Same More than 13% 


efficiency as low as 62 per cent, while a relative conductivity of 112 
may indicate an efficiency greater than 100 per cent.” 

From the foregoing discussion it may be easily seen that an elec- 
trical test on welded joints is neither practicable nor reliable under 
ordinary shop conditions. Even under laboratory conditions the 
methods outlined are difficult to apply. 

The question of reliability of arc welds is a broad one and the 
subject of every welding discussion, One of the great arguments 
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put up against welding by those opposed is the supposed impossi- 
bility of making a satisfactory conclusive examination of the fin- 
ished weld. This sounds rather convincing, but is it a sound con- 
clusion? John B. Taylor, Consulting Engineer of the Genera! 
Electric Company at Schenectady outlines this situation very satis- 
factorily in a letter to the committee dated Sept. 13, 1918. This 
letter is quoted here: 

“Since the passing of the stone age, it has been desirable to 
know of the presence of foreign material or flaws, whether welded 
up by forge and hammer or by any other means. In general, the 
assurance of a proper weld and the placing of reliance on a struc- 
ture seems to come down to confidence in the blacksmith (or the 
more recent holder of the electrode) based on the experience 
which he and his instructors have gained by examination of the 
pieces which have failed in service or by the breaking, cutting and 
otherwise examining and testing specimens sacrificed for this 
purpose. 

“IT gather that what you are looking for is the proving of work- 
manship and material in the course of regular quantity production. 
While a perfect weld doubtless differs from a bad one in the several 
physical properties, such as: mechanical (including acoustical), 
thermal, optical (transparency to x-rays), electrical and magnetic. 
There appears small prospect for determining the presence of 
flaws or lack of homogeneity without bringing the weld itself and 
the adjacent material to a smooth, plain surface, which, with the 
additional time and expense required for the x-ray exposures or 
careful determination of other physical properties, would more 
than use up the savings incident to the introduction of electric 
welding. To a certain extent the effect of flaws on acoustical prop- 
erties are determined by the simple method of tapping with a 
hammer, either by the welder himself or by an inspector, but this 
test by sound is not new and is still rather crude. 

“My own feeling is that when the science and art of electric weld- 
ing have progressed further, there will be no more call for a spe- 
cial test on each inch of weld than we have now for examining by 
high technical methods each brick and surrounding mortar in a 
building. From experience we know what stresses can safely be 
placed on a brick wall laid up by an experienced mason and we do 
not trust other than experienced masons to lay our bricks. 

“TI believe better progress will be made in advancing the art of 
electric welding by taking and breaking many test specimens and 
subjecting many of these and other test specimens to chemical and 
microscopic analysis. The technic of such tests, examinations and 
analyses are already well developed apart from the advent of elec- 
tric welding. Beyond this there seems to be an open field for learn- 
ing much of the exact behavior electrically, optically, thermally, 
mechanically and chemically within the fraction of an inch at the 
electrode and weld itself. Doubtless a better understanding of the 
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phenomena incident to the electric arc and the deposition of the 
material weuld indicate improved materials and methods or the 
more important precautions in the handling needed to insure re- 
liable welds.” 

Too much emphasis cannot be laid on Mr. Taylor’s remarks as 
the surest way to secure dependable welds is to use dependable and 
competent operators for welding work. A check up once in a 
while and an experienced supervisor are necessary to insure a good 
standard grade of welding. The sooner the welders and the pro- 
fession realize this the sooner the conscientious objectors and 
others will be compelled to keep quiet. 


Inspection of Metallic Electrode 
Are Welds* 


O. H. ESCHHOLZt 


The lack of a satisfactory method for determining the character 
of welded joints has been responsible, more than any other factor, 
for the hesitancy encountered among the engineering profession 
toward the extensive adoption of are welding. To overcome this 
prejudicial attitude, it is eminently desirable to shape our rapidly 
accumulating knowledge of the operation into an acceptable method 
of inspection. 

Practically all manufactured apparatus is accepted on the basis 
of compliance with a process specification rigidly enforced, in con- 
junction with the successful reaction to certain tests applied to the 
finished product. While it is commonly known that riveting serious- 
ly impairs the strength of the joined plates, yet with a proper lay- 
out and intelligent inspection, the completed structure possesses 
certain definite characteristics which do not require further veri- 
fication. The inspector of a finished concrete structure is practically 
helpless. It is obvious that the weakest sort of construction may be 
concealed by a sound surface. With a rigid supervision of the 
process, however, the physical properties of the completed struc- 
ture can be reliably gaged to the extent that its use is justified even 
in ship construction. In view of this, it is comforting to realize that 
electric are welding is susceptible to even better control than either 
of these structural operations. 


How to Determine the Character of the Weld 


The factors which determine the physical characteristics of me- 
tallie electrode arc welds are: (1) fusion, (2) slag content, (3) 
porosity and (4) crystal structure. 


*Extracts from article appearing in Railway Mechanical Engineer, July, 1918. 
iFormerly connected with the Westinghouse Electric & Mfg. Co, 
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Some of the more important methods that have been used or 
suggested as a means for indicating these characteristics are: 

1. Visual examination of weld to determine 

(a) Surface finish as an index to workmanship, 

(b) Length of deposits, indicating frequency of breaking 
are and, therefore, ability to control arc, 

(c) Uniformity of deposit as an indication of the faithful- 
ness with which filler metal is placed in position, 

(d) Fusion of deposited metal to bottom of weld scarf as 
shown by appearance of under side of joint, 

(e) Predominance of surface porosity and slag. 

2. Chipping edges of deposited layers with cold chisel or calking 

tool to determine relative adhesion of deposit. 

3. Penetration tests indicating linked unfused zones, slag pockets 

and porosity by 

(a) X-ray penetration, 

(b) Rate of gas penetration, 

(c) Rate of liquid penetration. 

4. Electrical tests showing variations caused by incomplete fu- 

sion, slag inclusions and porosity : 

(a) Electrical conductivity, 

(b) Magnetic induction. 

The most complete use of these tests would involve their applica- 
tion to each layer of deposited metal as well as to the finished weld. 
Excepting in rare instances this, however, would not be required 
by commercial practice in which a prescribed welding process is 
followed. 

Of the above methods the visual examination is of more value 
than is commonly admitted. In conjunction with it, the chipping 
and calking tests are of particular usefulness. As, however, only a 
very poor joint will respond to the latter tests, they serve to in- 
dicate gross neglect by the operator of cardinal welding principles. 

The penetration tests offer the most reliable indication of the 
soundness of a weld. Obviously, the presence of unfused oxide sur- 
faces, slag deposits and blow holes will offer a varying degree of 
penetration. The use of X-rays gives excellent results in the test of 
small samples, but due to the nature of the apparatus, time required 
and difficulty of manipulating and interpreting results, it can hardly 
be considered at the present time applicable to large scale pro- 
duction. 

The rate of leakage of hydrogen or air through a joint from 
pressure above atmospheric to atmospheric, or from atmospheric 
to partial vacuum can be readily determined. However, the equip- 
ment required would be quite cumbersome and the slight advantage 
over liquid penetration in time reduction is not of sufficient meri! 
to warrant consideration for most welds. 

Of the various liquids that may be applied, kerosene has marked 
advantages due to its availability, low viscosity and property 0! 
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wetting the iron surface. Because of the latter characteristics, 
kerosene sprayed on a weld surface is rapidly drawn into any capil- 
laries produced by incomplete fusion between deposited metal and 
weld scarf or between succeeding deposits, slag inclusions, gas 
pockets, etc., penetrating through the weld and showing the exis- 
tence of an unsatisfactory structure by a stain on the emerging 
side. On dissolving suitable oil soluble dyes in kerosene, the pene- 
trating liquid will produce a bright red stain. This test is so useful 
that it has shown the presence of faults that could not be detected 
with hydraulic pressure or other methods. A sequence of imperfect 
structures linked through the weld, which presents the greatest 
hazard in welded joints, will be immediately located by the kerosene 
penetration. However, it should be borne in mind that this method 
is not applicable to. the detection of isolated slag or gas pockets, 
nor small disconnected unfused areas. Nevertheless, it has been 
shown by numerous tests that it is quite possible for a weld to con- 
tain a considerable amount of distributed small imperfections with- 
out affecting appreciably its characteristics. 

If the kerosene test betrays a bad fault, it is advisable to burn 
out the metal with a carbon arc before rewelding under proper 
supervision. Large quantities of kerosene are preferably removed 
by means of sand blast, steam, gasoline, pyrene, etc. No difficulty, 
however, has been encountered on welding over a thin film of the 
liquid. 

Electrical test methods for determining the homogeneity of 
welds are still in the evolutionary stage. Such obvious difficulties 
as elimination of the effect of contact differences influence of neigh- 
boring paths and fields, the lack of practicable, portable instru- 
ments of sufficient sensitivity for the detection of slight variations 
in conductivity or magnetic field intensity are yet to be overcome 
before their employment is feasible. 

No simple tests are available, excepting those which involve sub- 
jecting the metal to excessive stresses, for determining the crystal 
structure. Control of this phase must be determined by the ex- 
perience obtained from following a prescribed process. 

While, therefore, the inspector of metallic electrode arc welds 
may consider that through the proper use of visual, chipping and 
penetrating tests a more definite appraisal of the finished joint may 
be secured than is possible in the visual inspection of either riveting 
or concrete construction, the welding operation may be still further 
safeguarded by requiring rigid adherence to a specified process. 


Good Results Are Certain if Procedure Is Followed 


Haphazard welding can no more produce an acceptable product 
than hit-or-miss weaving will make a marketable cloth. It is logical 
that the steps in every manufacturing operation should be con- 
trolled to obtain consistently good results. Unfortunately, most 
welders consider themselves pioneers in an unknown art that re- 
quires the exercise of a peculiar temperament for its successful 
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evolution. As a result, welding operators, too numerous to mention, 
enshroud themselves in the hallowed glow of an expert and encom- 
pass their work with a mysterious camouflage bewildering to the 
untutored. Sometimes, through a series of fortunate coincidences, 
these “experts” succeed in obtaining a good weld, but more often 
their “success” is attributable to the friction between slightly fused, 
plastered deposits. 


Welding in the Oil Industry 
C. FYKE* 


Probably the one thing that is retarding the art of fusion welding 
more than any one other is the lack of, or inability to apply, any 
practical test to the finished work that will be indicative of a sound 
weld and enable one to pick out bad welds after once made. While 
the surface appearance, if closely studied and checked with the 
test results, does give an indication of the quality, in a single bead 
weld, this check is of very little value in the case of heavier welds. 
X-Ray examinations of welds have been made, with a view of 
arriving at some means of detecting defective welds, but the devel- 
opment that has been made to date shows that there is very little 
practical application of this method. The most promising method, 
in the testing of welds, is the magnetic process. However, due to the 
sensitiveness of this apparatus, it is doubtful whether this method 
will be practical in shops where heavy work is being carried on and 
vibrations are excessive. 

As already mentioned, the lack of suitable means for the practical 
testing of welds, so as to indicate or show the engineer when he has 
a sound weld, results in the much used saying, which we are all 
familiar with, that is, that the weld is no better than the operator. 
This alone is causing the engineer to hesitate in advocating a 
broader application of welding, particularly in high temperature 
and pressure work, in spite of the rapid strides made by the art 
during the last few years. This problem is one that should be given 
attention by this Society and is of such importance as to warrant 
extensive research work being made. The question of design can 
be easily taken care of once we have means of knowing what we 
have to design with. 

The human element, upon which depends to a large extent, the 
quality of the weld, must be carefully studied if the best results are 
to be obtained. The mere hiring of a man who says he is a welder 
should mean very little in the welding shop until he has demon- 
strated to the satisfaction of his foreman that he is capable and 
can be trusted on any class of work. Gas welders and electric 
welders are each in a class of their own and to obtain the best re- 
sults they should not be interchanged on both classes of work. 


*Engineer, Testing Department, Standard Oil Co. of New Jersey. 
Extracted Pay an article on the above subject in the January, 1925, issue of 
Journal, A. Ss. 
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Shop conditions may be such, however, that, while desirable, this 
practice cannot be always carried out. 

Men selected for training as welders should possess certain 
qualifications which should prove valuable assets to them in help- 
ing them become successful welders. They should be enthusiastic 
about the subject and have had enough mechanical experience such 
as to give them a fair knowledge of the physical working of metals. 
Neat, conscientious work, with the thought of quantity, but never 
at the sacrifice of quality, should give unquestionable results, if 
properly handled in training. 

Too little time is given to the training of new welders. The 
training period throughout the different industrial shops ranges 
from one week to six months. This varies with the different shops 
throughout the country and is governed somewhat by the pressure 
of work under way. 

Welders, as compared with boilermakers, machinists, and other 
mechanical labor, should be on a standard equal to the highest. As 
has already been stated, there is no other trade in which the results 
depend so largely upon the individual as in welding. The welder’s 
responsibilities are affected by a wide range of conditions, and the 
art should receive a high standard of recognition when compared 
with the other mechanical trades. This alone will be manifested 
in the results that will be obtained through more conscientious 
work. 

It must be assumed that the foreman in charge is capable to the 
extent of affording proper supervision of all work. He must have 
a thorougR knowledge of the material to be welded if his results 
are to be satisfactory. The success of any weld depends largely 
upon whether the material has been properly prepared and whether 
the most adaptable process, for the service, has been employed. 
For this reason, the foreman should be fully acquainted with the- 
working conditions to which the weld is to be subjected and the 
suitability of the different types of welding and design of welds for 
these conditions. The question of whether studding, preheating, 
and the many other points to be taken into consideration in the 
proper preparation of a weld, has been intelligently considered, is 
of primary importance. 


Pressure Vessels 
R. H. ROBERTS* 


Inspection of Welds 


Practically all-of the welding which we do is for ammonia under 
pressure. Inspection of the finished weld is limited to a visual 
inspection for appearance and errors. Each welded vessel or piece 
is subjected to an air, hydrostatic and hammer test, which will 


“Complaint and Investigating Dept., York Manufacturing Co. 
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disclose any porosity, or points of incomplete fusion. Tightness 
and strength are paramount and appearance is secondary. For 
this reason we do not put much importance on visual inspections. 


Testing the Skill of the Operator 


A new operator is required to make a sample piece of work and 
his ability to handle and adjust the apparatus is observed. We 
have no specific tests which must be met. If the quality of his 
sample work is satisfactory he is started on the less important 
work. Since all pieces are given strict tests any inefficiency is 
uncovered. As a new man proves himself capable he is given more 
important work. Only the experienced men are allowed to weld 
the important pieces. We have no specific tests for the operators. 
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Let This Todd Welder 
Save You $7,000 


ICH will you have for 
welding purposes—seven 
machines to suit seven dif- 
ferent needed welding re- 
quirements—or the Todd 
Welder that will meet all 
needs? 

For example, a machine 
each for the following re- 
quirements of 110 volts D.C.,; 
220 volts D.C.; 550 volts 
D.C.; 220 volts, 60 Cycle, 
2 Phase A.C.; 220 volts, 60 
Cycle, 3 Phase A.C.; 440 


volts,60 Cycle,2 Phase A.C.; 
440 volts, 60 Cycle, 3 Phase 
A.C. would mean an ex- 
penditure approximating 
$7,000.. Yet one Todd Twin 
Pole Arc Welder, gasoline 


driven, will meet all welding 
requirements at one initial 
outlay. 

This Todd Welder can be 
driven from the power take- 
off of a Fordson engine or 


any other suitable gas engine - 


or can be belt driven. Power 
is also supplied for operat- 
ing electric drills, grinders, 
chippers, lights and other 
purposes without interfering 
with the welding circuit. 

These Todd Welders are 
furnished in two types for 
field work, ER and ER2— 
and are recommended for 
use as part of a Fordson. 
Write us for complete in- 
formation. 


TODD TWIN POLE ARC WELDERS 
25 Broadway, New York City 
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Cleveland’s 


Remar 


Welding Job 


6,000 Feet of 16-inch 


of 16” steel pipe, %” thick, 
pressure ‘steam line of the 


High Pressure Steam Line 


ACH Welded joint has to stand 

500 Ibs, test. Five pounds of 

_ added metal is applied to each 
joint. 


The welding men naturally chose 
Page-Armco, the most uniform, 
easiest flowing, gas-free rods on the 
market. It saved time—gave them 
a better job, 


Rods are a small part of welding 


cost, Can you ever afford to take 
chances—use any but the best? Try 
PAGE-ARMCO, time the job, and 
inspect it and test it. 


PAGE also makes high carbon rods 
—rods of all types for gas, electric 
and automatic welding. Write for 
illustrated folder telling how better 
rods cut welding costs. No obliga- 
tion. A card will do. 


PAGE STEEL & WIRE CO. 


Bridgeport, Connecticut 


District Offices, Chicago, New York, Pittsburgh, San Francisco 
An A iate Company of American Chain Co., Inc., of Bridgeport 


PAGE 


WELDING RODS 
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Almost Every Industry 
Now Uses Wilson-Welding 


THe use of Wilson Welding Machines and Welding 
Wire keeps constantly extending. Scarcely is there 
an industry which has not reduced its operating 
costs by Wilson-Welding. Its adaptability to 
construction and repair work is almost universal. 
The building up of worn shafts, the welding of 
cracked and broken frames, the welding of tanks 
into one-piece drums—these are but a few of the 
many and varied uses of Wilson-Welding. 


Wherever iron and steel are used —whether in the 
form of machinery, plates, rods or angles—Wilson- 
Welding saves money. In repair work, Wilson 
Welding Machines often pay for themselves on a 
single job by saving the expense of tearing down 
and setting up machinery. 


Wilson-Welding of gasoline storage tanks, where 
both volatility and pressure are great, recommends 
it for less exacting jobs. So does the Wilson-Weld- 
ing of drive wheels and shafts prove its efficiency for 
other purposes. Why not permit Wilson Welding 
Machines and Welding Wire to save you money? 
Write us about it today—now. And, remember 
always specify Wilson ‘‘Color-Tipt’’ Welding Wire. 


WILSON WELDER & METALS CO. INC. 
Wilson Bldg. Hoboken, N. J. 


Canadian Distributors: G. D. Peters & Co., Lid., Montreal 


ILSON 


WELDING MACHINES AND WELDING WIRE 
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Swedox 


The World’s Best 


Welding Rods 


and 
Electrodes 


A GRADE FOR EVERY PURPOSE 


NON-OX SWEDOX CYLKOTE ALUMINOX BRONZKOTE 
LEKTROX SWEDOX MANKOTE DRAWN ALUMINUM 
CASTOX RAILKOTE BRAZOX KROMROTE 
ARC CARBOX TENSKOTE BRONZOX NICKOTE 
GAS CARBOX NICKOX TOBIN BRONZE oan 

VANKOTE 
VANOX RAILOX MANGANESE BRONZE 
STEELKOTE KROMOX DUCTKOTE FLUXES 
LEKKOTE MANGANOX DUCTILOX 


The above list of Welding Rods conforms to the American Welding Society's specifications E Ne. 1A, 
E-No. 1B, E-No. 1C, G@ No. !A—Folios Nos. and and a large variety of other anal 
developed ‘by us for special purposes. 


A cock, of of of ve classes of material is carried in both our Chi and Detroit 
warehouses. Send f stock list and other descriptive matter covering our sweDox line. 


Put your welding problems up to our experts. (Demonstrations will be made wherever possible.) 
Look for the SWEDOX TAC. It is your protection. 


Chicago based and Detroit Office and 
War Warehouse 
4545S. Western Bia 5001 Bellevue Ave. 

CHICAGO, DETROIT, MICH. 
Phone Li Phone Lincoln 6780 


ee FREE SAMPLES OF ANY ROD SENT UPON REQUES =! 


EVERYTHING NEEDED 


for Gas Welding and Cutting of Metal 


APPARATUS—ACCESSORIES—SUPPLIES 


is covered by some item in the Torchweld Line. DEPENDABILITY is ' 
built into all Torchweld Products which assures you of full value and more 
for your money. 

Send for Catalog 23-] 


TORCHWELD EQUIPMENT COMPANY 
224 No. Carpenter St. Chicago, Hl. 


WELDING BOOKS 


The Society has made arrangements for the distribution and sale 
to its members of the following books on welding: 
—— of Welding Gas, Are and Thermit. James W. Owens. 

10.00. 
Are Welding Handbook. C. J. Holslag. $2.00. 
Oxy-Acetylene Welding and Cutting. P. F. Willis. $1.50. 


— Welding with the Oxy-Acetylene Flame. M. Keith Dunham. 
1.50. 


Modern Welding Methods. Vincent W. Page. $3.00. . 
Welding Encyclopedia. $3.00. 
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The 
WD-12 Arc Welder 


—can be furnished for 
any commercial voltage, 
phase or frequency. 
—delivers 200 amperes 
continuously and 300 
amperes for short pe- 


—a two-unit machine 
(motor and generator). 
—generator is self-ex- 
cited. 

—reactor automatically 
steadies arc. 
—hand-wheel on gen- 
erator for regulating 
welding current. 
—supplies power to G-E 
Automatic Arc Welder 
tor continuous welding. 


There is a suitable G-E welder 
for your every arc welding need. 

the nearest G-E sales office 
for complete information. 


General Electric Company 
Schenectady, N. ¥ 
Sales Offices in all Large Cities 


—a feature of the WD-12 ARC WELDER 


The voltage of this welder can be adjusted to 
suit the work. There is high voltage for com- 
plete penetration on heavy work—low voltage 
to prevent ‘burning through”’ on light metals. 


Any value of welding current can be obtained 
between 75 and 300 amperes, with an infinite 
number of steps between these limits—pro- 
viding the exact current for the job at hand. 


It is adaptable for use with all commercial 
sizes of electrodes, large or small. 


The WD-12 Arc Welder is easily pulled to the 
job on its roller-bearing wheels—and is also 
provided with holes in the base for crane 
hooks. 


Ready to work when delivered. 


GENERAL ELECTRIC 
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UNION CARBIDE 


World’s Best Quality - Highest Gas Yield 


Always Uniform - 


Packed 
in 
Blue and Gray 


Always Dependable 


We have 
Warehouses 


in 
175 Cities 


The product of the originators and developers 
of the carbide and acetylene industry 


UALITY assured by more 

than a quarter of a century 
of experience in selecting raw 
materials and in perfecting lab- 
oratory practice and works 
processes. 


The faithfully sustained qual- 
ity compels recognition of the 
economies which go with it. 


Union Carbide will keep for 
years in the original package 
without deterioration, 


Our remarkable nation-wide 
service and distributing system 


makes Union Carbide quickly 
available everywhere. 


There is a Union Carbide 
warehouse near you. Shipment 
is made same day your order is 
received. 

We supply Union Carbide in 
Generator sizes— direct to con- 
sumer—at factory prices. 


Our Blue and Gray Drum is 
recognized throughouttheworld, 
as a symbol denoting Best Grade 
Carbide, Highest Gas Value, 
Uniform Dependable Quality 
and Purest Gas. 


UNION CARBIDE SALES COMPANY 


Principal Offices: Carbide and Carbon Bldg., New York, N.Y. 
Peoples Gas Building, Chicago, Ill. Balfour Building, San Francisco, Calif. 
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What Linde Process Service 


District Sales 


Offices 


ATLANTA 
BALTIMORE 
BIRMINGHAM 
BOSTON 
BUFFALO 
CHICAGO 
CLEVELAND 
DALLAS 
DETROIT 
KANSAS CITY 


LOS ANGELES 


MILWAUKEE 
NEW ORLEANS 
NEW YORK 
PHILADELPHIA 
PITTSBURGH 
ST. LOUIS 
SALT LAKE CITY 
SAN FRANCISCO 
SEATTLE 
TULSA 


will not do! 


OUR REQUEST for Linde Service 

will not always bring you a man. Prob- 
lems similar to yours may have been 
solved so frequently by Linde that the 
solutions have been compiled into a book 
or covered in a magazine article. 


These books and magazines, which are 
a part of Linde Process Service, will not 
answer all of your questions. But they 
will answer many of them. 


Linde Process Service will not do your 
work for you. Yet it may be necessary for 
a Linde Service operator to use a blow- 
pipe to demonstrate the correct practice. 


Linde Process Service will not train 
your operators. But it will help you to 
teach them and keep them informed on 
the latest practices. 


Linde Process Service will not run your shop. 
But it will help you do your welding and cutting 
in accordance with the best shop methods. 

Linde Process Service will not do your engineer- 
ing. But Linde engineers can be of assistance to 
your own engineering department on all phases of 
welding and cutting. 

Finally, Linde Process Service will not be per- 
fect. But it is the best answer today to problems 
which arise when the oxy-acetylene process is 
used or contemplated. Furthermore, successful 
service in each specific case makes Linde Process 
Service better and more helpful to all Linde cus- 
tomers. 

Linde Process Service is free to every Linde 
user for the asking. 


THE LINDE AIR PRODUCTS COMPANY 
General Offices: Carbide & Carbon Building 
30 East 42d Street, New York 


37 PLANTS — 80 WAREHOUSES 


LINDE OXYGEN 


YOU CAN DEPEND ON THE LINDE COMPANY 
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An electric arc produced exclusively by Lincoln apparatus, having perfectly 
compensated timing elements, providing a steady uninterrupted flow of heat. 


Exclusive Design 


e Lincoln “Stable-Arc” Welder is designed to 
furnish instantly a change in voltage to take 
care of any extraordinary demand of the arc. 


This is due to the fact that the frame, as well as 
the fields of the generator, is constructed of lami- 
nated steel which decreases the reluctance of the 
magnetic circuit. 


Theresultis“Stable-Arc”—the easiest arc to main- 
tain. The inevitableresultis faster and better work. 


Operators prefer Lincoln “Stable-Arc” Welders 
for this reason. 


THE LINCOLN ELECTRIC CO., Cleveland, Ohio 
Branches and Offices in Principal Cities 


LINGOL 


“Stable.cArc” 


WELDE 
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One Piece Pure Copper 
Tips Stands the Gaff 


Satisfy yourself. Take a REGO one piece pure 
copper tip and run a test against a tip of any 
other construction or material. The RESO tip 
will stand up longer, under hotter conditions 
because: 


Pure copper radiates heat—doesn’t hold it— 
better than any other metal or alloy. 


One piece construction eliminates easily burnt 
out brass terminals. 


Write for No. 32 Pocket Catalog descriptive of the entire 
RECO line of welding and cutting equipment 


REGO IS DISTRIBUTED NATIONALLY BY 


Kentucky Oxygen H Ce., n St. & Goss Ave., Louisville, Ky. 
Weldex Equipment 3 West 52nd St., New York City. 
international Oxygen Co., 796 Frelinghuysen” Ave., Newark, N. J. 
Gas Products Co., Columbus, Ohio. 
Memphis Oxysen Co.; 48 W. MeLemore Ave. Memphis, Tenn. 
Mountaineer welders Supply Ce., 4086 So. Main St. Butte, Mont. 
St. Paul Welding & Mfo. Co.. 174 W. Third S8t., St. Paul, Minn. 
The Bastian-Blessing Co., 252 East Ontarie St. Chicago, til. 


70 
RECO RESO RESO RECO. RECO 
R 
E 
G 
EG 
R 
R 
E 
G 
O 
R 
R 
R 
E 
G 
R 
E 
G 
O 
E 
G 
R 
E 
R 
E 
G 
R 
E 
G 
| R 
RECO RECO RECO RESO RECO 
\ 


1925] ADVERTISING 


ACETYLENE FROM CAKES 


The most modern, efficient and safest source 
of acetylene supply—Carbic CAKES. 


Not an experiment. Hundreds of Carbic gen- 
erators using Carbic are in daily use on all 
kinds of welding and cutting work. 


The use of Carbic Cakes permits an ease of 
handling, a convenience and a safety not other- 
wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


CARBIC MFG. CO. 


Duluth, Mina. New York, 141-149 Centre St. 

pressure, Boston, 27 School Street Chieage, 565 W. Wash. Blvd. 

The Hendrie & Bolthoff Mfg. & Supply Co., Denver, Colerade. 
Woodward, Wright & Company, New Orleans, La. 


Lis 
mie Offices and Representatives in other principal Cities 


} 


ROEBLING 
WELDING 


High Carbon Electrodes 
Low Carbon Electrodes 
Gas Welding Wire 


Conforms to specifications of The American Welding 
Soctety 


Exacting tests have proven that it possesses those quali- 
ties essential to good welding. 


John A. Roebling’s Sons Company 


TRENTON, NEW JERSEY 
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| | Vat Vat Fat Vat Vat Vat Vat Pat Vat Vat 


For heavy welding operations 
in all fields 
Railroad Industrial Marine 


METAL & THERMIT CORPORATION 


120 Broadway, New York 
Pittsburgh Chicago Boston S. San Francisco 


Toronto 


IP 


MILBURN 


Efficiency and economy of gases are achieved in Milburn 

Welding and Cutting Apparatus. 

Welding Torches Acetylene Generators Regulators 

Cutting Torches Compressing Plants Accessories 
Send for Catalog No. 354 


THE ALEXANDER MILBURN COMPANY 
1416-28 W. Baltimore Street Baltimore, Md. 


Essentials for Safe and Reliable Electric Arc Welding 


WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 


Write for Booklet 


TRANSPORTATION ENGINEERING CORPORATION 
909 EAST 134TH STREET 327 S. LA SALLE STREET 
NEW YORK CHICAG 


= 


“All Regulation of Current Is Accom- 
plished by Turning a Hand- Wheel on 
the Generator” 


This feature was originated by us and 
has been embodied in our Arc Welding 


Machines for over three years. 


Dependable Welds Require Dependable Equipment | 


Under the most severe service conditions these 
machines have demonstrated their mechanical 
and electrical fitness. 

Let us send yeu more complete information. 


BURKE ELECTRIC COMPANY 
ERIE, PA. 


Service-Saies Offices: 
Buffalo Cleveland New York 
Chicago Detroit Philadelphia 
: Sales. Agencies: 
Cincinnati Kansas City Chicago 

Underwood Electric Co, W. T. Osborn Western Welding & Equipment Co. 
Milwaukee 
H. Dorner 


Pittsburgh 
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The Purest Oxygen 
Is Always the Most Economical 
Airco Oxygen Is 99.5” Pure in the Cylinder 


Buy Your Oxygen on this 
Specification for Purity 


AIR REDUCTION SALES CO. 


Manufacturer of Airco Oxygen, Acetylene and Caicrene 
Airce-Davis-Bournonrille Equipment and Supplies 
Controls the Manufacture and Sele of National Carbide 


Home Office: 342 Madison Avenue, New York City 


26 Airco Oxygen Plante 13 Airco Plants 2 Airco Calorene Plants 
16 Airco District Offices 14 Airco Repair Stations’ 82 Airco Distributing. Points 


Airco Apparatus Factories and Laboratories at Jersey City ard Elizabethport, N. J. 
Anything and Everything for Oxyacetylene Welding and Cutting 


Copyright 1925,. Air Redtotion Sales Co- 
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